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FOREWORD 

Our nation's freshwaters are vital for all animals and plants, yet our 

diverse uses of water for recreation, food, energy, transportation, and 

industry physically and chemically alter lakes, rivers, and streams. Such 

alterations threaten terrestrial organisms, as well as those living in water. 
The Environmental Research Laboratory in Duluth, Minnesota develops methods, 
conducts laboratory and field studies, and extrapolates research findings 

— to determine how physical and chemical pollution affects aquatic life 

— to assess the effects of ecosystems on pollutants 

— to predict effects of pollutants on large lakes through use of models 

— to measure bioaccumulation of pollutants in aquatic organisms that are 
consumed by other animals, including man 

This report, as part of our continuing large lakes study program, details 
our findings and interpretations of the present conditions of and the 
interactions between the Southern Lake Huron basin and Saginaw Bay. 

Donald I. Mount, Ph.D. 

Director 

Environmental Research Laboratory 

Duluth, Minnesota 
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ABSTRACT 

Southern Lake Huron contains a diversity of phytoplankton assemblage types 
ranging from assemblages characteristic of oligotrophic waters to those which 
usually occur under highly eutrophic conditions. The offshore waters are 
generally characterized by oligotrophic associations and most eutrophic 
associations are associated with the Saginaw Bay interface waters. Under 
certain conditions, populations which are generated within Saginaw Bay are 
found mixed with offshore assemblages, apparently as a result of passive 
dispersal. The most widely dispersed populations include nuisance-producing 
blue-green algae such as Aphanizomenon flos-aquae . During the period of study, 
floristic modification resulting from inputs from Saginaw Bay was usually found 
along the Michigan coast south of the bay, but cases were noted where greatest 
effect was found at stations north of the bay or eastward into the open lake. 
These differences appear to be related to circulation patterns governed by 
transient meteorological events. Marked changes in phytoplankton abundance and 
composition were also noted at stations along the Canadian coastline. This 
effect was most pronounced during the spring thermal bar period and appeared to 
result from the stimulation of populations characteristic of oligotrophic to 
meso trophic conditions by nutrients from land runoff. Phytoplankton 
assemblages in this region were qualitatively and quantitatively dissimilar 
from assemblages in Saginaw Bay. On the basis of our results southern Lake 
Huron appears to be a somewhat more disturbed region than generally realized. 
Phytoplankton assemblage modification appears to result from both the influence 
of nutrients and other materials entering the lake directly and from the 
dispersal of populations from highly eutrophic Saginaw Bay into the open lake. 
The wide dispersal of these populations is of special interest since it may 
furnish a mechanism for transport of nutrients and toxic material from highly 
impacted Saginaw Bay into the open lake. 
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INTRODUCTION 

Compared to the other Great Lakes, there has historically been little 
research on the composition," distribution, and seasonal cycles of phytoplankton 
assemblages in Lake Huron (Davis, 1966). More recently, Vollenweider et al. 
(1974) have summarized the current status of knowledge in this area and have 
presented a synthesis based on both previous studies and their own previously 
unpublished observations. In Appendix II of this report, we have compiled a 
list of publications dealing with algal populations in Lake Huron that have 
come to our attention. The majority of these report limited observations from 
one, or a limited number of r sites and are of peripheral interest. There are 
several recent publications, however, which merit further attention in the 
context of the present study. Schelske and Roth (1973) found sufficient 
differences to divide the open waters of Lake Huron into three north-south 
zones. The types of differences noted could be interpreted as reflecting a 
higher degree of eutrophication of southern Lake Huron than had previously been 
suspected. Schelske and Roth emphasized that Saginaw Bay differed drastically 
from the rest of the lake and imply that materials entering the open lake from 
Saginaw Bay have measurable effects, particularly on the southern region. 
Subsequently Schelske £& al. (1974) demonstrated that there were consistent 
north-south differences in phytoplankton species composition at stations along 
the Michigan coast of Lake Huron which could be interpreted as reflecting some 
degree of eutrophication in the southern part of the lake. This study also 
showed that certain phytoplankton populations characteristic of highly 
eutrophic conditions were transported from Saginaw Bay to the open waters of 
Lake Huron, at least under certain conditions. More recently Schelske et al. 
(1976) have demonstrated the transport of populations developed under severely 
silica- limited conditions in Lake Michigan into Northern Lake Huron through the 
Straits of Mackinac. Although this indicates slight eutrophication of northern 
Lake Huron due to this transport , it should be emphasized that transport from 
Saginaw Bay presents a much more serious problem in terms of water quality 
management. While populations transported from Lake Michigan have little or no 
nuisance potential, those coming from Saginaw Bay are often associated with 
direct water quality problems. It is also apparent that the total flux of 
nutrients and conservative contaminants is higher from Saginaw Bay than through 
the Straits. The same general implication can be derived from Lowe's (1976) 
study of phytoplankton populations at several nearshore localities along the 
Michigan coast. Lowe's data additionally show that certain nearshore localities 
in the northern sector of the lake support large populations of species 
possibly associated with eutrophied conditions. For instance, Lowe found much 
higher phytoplankton abundance in Thunder Bay, near Alpena, than at comparable 
stations in other parts of northern Lake Huron. He, however, pointed : out the 
great differences in assemblages found in Saginaw Bay, compared to the rest of 
the lake, as well as the effects of the Saginaw Bay discharge on nearshore 
stations south of the bay. Nicholls jsi. al. (1975) have also shown local areas 
of eutrophication at nearshore localities in Georgian Bay. 



In summary, the limited evidence available indicate§?*that certain 
nearshore areas in Lake Huron are significantly eutrophied. There is also 
increasing evidence that materials derived from Saginaw Bay are having 
significant effects on the rest of Lake Huron, particularly the waters of the 
southern basin. As might be expected, this evidence suggests that the direct 
effects of the Saginaw Bay discharge are highly dependent on meteorological 
conditions and resultant circulation patterns. // 

* 
It should be emphasized here that conditions in Saginaw Bay are exemplary 
of perhaps the worst water quality degradation found fnroe 'Great Lakes 
system. This region has had a long history of water quality problems including 
obnoxious blue-green algal blooms, taste and odor problems in municipal water 
supplies, and fish flesh tainting. The historical context of present problems 
in Saginaw Bay has been reviewed by Freedman (1974). ^Vollenweider et al. 
(1974) emphasize that certain regions of Saginaw Bay.Aave the highest 
phytoplankton standing crop and highest rates of productivity found within the 
Great Lakes system. While this reflects the high nutrient loading reaching the 
bay, the qualitative composition of the phytoplankton assemblage also reflects 
high conservative element loadings (Beeton et al. , 1967)^^ quite possibly the 
effects of toxic or inhibitory factors. Most significant to this study is that 
the outputs from Saginaw Bay to the main body of Lake Huron might be expected 
to be different in character than point source stream discharge entering the 
lake, in that, nutrients entering the system have already been "processed" 
through a highly specialized phytoplankton flora, quite different from the 
assemblage found in most parts of the Great Lakes system. ~*fhe data of Schelske 
et al. (1974) indicate that most of the nutrients discharged into Saginaw Bay 
are already sequestered by phytoplankton by the time they reach main Lake 
Huron. These data also indicate that certain populations generated in Saginaw 
Bay survive and are dispersed into Lake Huron, while others are apparently lost 
rapidly through sinking, predation, or cell death and lysis. 

This study is part of a general investigation a£/Saginaw Bay and Southern 
Lake Huron. Included in the general investigation are studies of chemical 
conditions in Saginaw Bay (Smith et al. , 1976), chemic§£^#Bfeditions and 
productivity in southern Lake Huron (Schelske e£ al. ^1977 in prep.), 
crustacean zooplankton standing stock and feeding racers (McNaught et al. , 1977 
in prep.), rotifer standing crop and distribution in southern Lake Huron and 
Saginaw Bay (Gannon et al. , 1977 in prep.), crustacean/ zooplankton numbers and 
biomass in Saginaw Bay (Gannon et al. , 1977 in prep.)?' phytoplankton 
composition and biomass in Saginaw Bay (Stoermer et al . , 1977 in prep.) and a 
general model synthesis of conditions and processes in Saginaw Bay (Bierman et 
al. , 1977 in prep.) and southern Lake Huron (Di Toro ^et al . , 1977 in prep.). 



OBJECTIVES 



1, A quantitative assessment of phytoplankton standing crop and 
composition in southern Lake Huron. 

2, Provision of a complete set of archival samples which can serve as an 
objective reference against which possible future changes in the 
system may be judged, 

3, An assessment of the degree to which populations generated in Saginaw 
Bay are transported to the open waters of Lake Huron and the extent 
of their subsequent survival and dispersal within the southern 
portion of the lake, 

4, Provision of independent estimates of size fraction, biomass, and 
qualitative physiological group information to modeling efforts. 



CONCLUSIONS AND RECOMMENDATIONS 

The phytoplankton flora of southern Lake Huron contains elements characteristic 
of the entire range of conditions in the Great Lakes from oligotrophic to 
hypereutrophic. 

On the basis of phytoplankton assemblage distribution, it appears that there 
are three primary input sources which modify the phytoplankton flora of 
southern Lake Huron. 

The most important of these is Saginaw Bay, Most of the eutrophic 
elements in the flora are apparently generated from this source and its 
influence is continuous and affects a substantial portion of southern Lake 
Huron . 

Phytoplankton abundance and composition are also modified by inputs from 
the Canadian shoreline. The effects from these inputs are less drastic 
and apparently less widespread than the effects of the Saginaw Bay inputs. 
Phytoplankton abundance and composition also appear to be modified by 
input from sources on the U. S, shoreline south of Saginaw Bay. The 
influence of this source of perturbation is less well defined, partially 
because in most cases studied the area of effect is also under the 
influence of the effluent from Saginaw Bay. 

The nature of phytoplankton assemblage perturbation resulting from the 

influence of these sources is different in the three cases. 

In the case of Saginaw Bay, floristic modification results from both 
transport of materials from the bay and from transport of phytoplankton 
populations generated within the bay to the open lake. In general, the 
floristic response is characteristic of both high nutrient and high 
conservative element loadings. 

Modification of the phytoplankton assemblage along the Canadian coast 
appears to result from stimulation of populations characteristic of 
oligotrophic to mesotrophic conditions within the lake. The primary 
effect in this case appears to result from nutrient addition. 
Phytoplankton assemblages at .stations on the southern U. S, coast appear 
to reflect both secondary stimulation of scenescent populations generated 
in Saginaw Bay and injection of certain populations unique to this area. 
Certain of these populations usually find their primary habitat in benthic 
associations. 

The extent of influence of apparent sources is seasonally variable and 
apparently strongly dependent on physical conditions at the time of sampling. 
During the period of study, the influence of Saginaw Bay was most commonly 
found at stations along the U, S, coast southward from the bay. In some 
instances, however, the influence of discharges from the bay was 
widespread in the open lake and in one instance the main effect of 
materials from Saginaw Bay was found at stations along the U. S. coast 



north of the bay. 

The effect of sources on the Canadian coastline is most pronounced during 
the spring. This apparently results from the combined effects of the 
spring peak in runoff and the effects of the spring thermal bar which 
tends to restrict material entering the lake to the nearshore zone. 

Biotic interactions strongly influence the distribution and eventual fates of 
populations injected into southern Lake Huron from Saginaw Bay. Certain 
populations, particularly some of the larger diatoms, are lost from the water 
mass rapidly, apparently through sinking. Other populations, particularly 
certain species of blue-green algae, have a much longer residence time in the 
water mass and are dispersed for considerable distances. Our data indicate 
such populations could reach any part of southern Lake Huron under the proper 
conditions. 

This process should be studied in greater detail since it may be an 
important mechanism in transporting nutrients and toxic materials from 
highly impacted areas to the open lake. 



MATERIALS AND METHODS 



SAMPLING ARRAY 

The basic sampling array utilized in this study is shown in Fig, 1. 
Station locations were chosen to provide greatest sampling density in the 
Saginaw Bay interface region and less dense coverage over .the rest of the 
region. The constraints of sampling platform availability and the necessity to 
accomodate the needs of several projects on cruises resulted in compromises 
which render the design something less than ideal for the purposes of this 
particular project. Specifically, it would have been highly desirable to have 
additional stations in the southwestern quadrant of the sampling array (region 
bounded by stations 14, 60, and 63) and in the northeastern quadrant (area 
bounded by stations 20, 23 f 53 i and 56). Depths sampled at each station and 
the sequence of sampling are given in Table 1. On some occasions weather 
conditions led to deviations from the planned sampling schedule and, in a 
limited number of instances, certain stations were not sampled on a particular 
cruise. Any such omissions are noted on the following data plots. 

Samples at all stations were taken as splits from a single 8 £ Niskin 
bottle cast. In the following, we will discuss processing of the samples 
utilized in this particular investigation. A more complete account of the 
complete sampling routine can be found in Schelske £& £1. (1977 in prep.), 

ARCHIVAL PLANKTON COLLECTIONS 

Archival samples were taken from all stations and depths sampled. Samples 
were drawn as U subsamples of the original 8£ Niskin bottle sample. 
Subsamples were immediately filtered onto 47-mm Millipore "AA" cellulose 
acetate membrane filters and placed in 5-dram amber glass capsule vials. 
Material was preserved in a mixture of six parts water of collection, three 
parts 95 % ethanol, and one part commercial formalin. Samples were labeled and 
sealed immediately following preservation. 

SAMPLES FOR PHYTOPLANKTON POPULATION ANALYSIS 

Samples for phytoplankton population analysis were taken as a 150-ml split 
of the original 8 1 Niskin bottle sample. These subsamples were immediately 
fixed with glutaraldehyde (4 % by volume) and stored in the dark at 
approximately 4°C for at least 4 hr to assure complete fixation. After 
fixation, sample bottles were gently agitated to assure resuspension of 
phytoplankton present and a 50-ml volume was withdrawn for further processing. 
The remaining sample volume of fixed sample was retained as a contingency 
sample until the subsequent processing steps were successfully completed, then 
discarded. Material was concentrated by filtration onto 25 mm "AA" Millipore 
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TABLE 1. SAMPLING SEQUENCE AND DEPTHS AT ALL STATIONS 





Station No. 




















Day 1 










Sampling Depths 


i 




63 


1, 


5 
















64 


1, 


5, 


10, 


15 












65 


1, 


5, 


10, 


15 












06 


1, 


5, 


10 














07 


1, 


5, 


10, 


15, 


20, 


25 








09 


1, 


5 
















10 


1, 


5, 


10, 


15 












11 


1, 


5, 


10, 


15, 


20, 


30, 


40, 50, 


60 




58 


1, 


5, 


10, 


15, 


20, 


30 




# bottles: 


40 


Day 2 
















• 




57 


1, 


5 
















56 


1, 


5, 


10, 


15, 


20 










20 


1, 


5, 


10, 


15, 


20, 


30, 


40 






21 


■1, 


5, 


10, 


15, 


20, 


30, 


40, 60, 


80, 9Q 




23 


1, 


5, 


10, 


15, 


20, 


30, 


40, 50 






24 


1, 


5, 


10, 


15, 


20, 


30, 


40, 50, 


60 




25 


1, 


5, 


10, 


15, 


20, 


30, 


40, 50 






26 


1, 


5 












# bottles: 


51 


Day 3 




















36 


1, 


5 
















37 


1, 


5, 


10, 


15 












38 


1, 


5, 


10 














39 


1, 


5, 


10 














40 


1, 


5 
















41 


1, 


5, 


10 














42 


1, 


5, 


10, 


15, 


20 










43 


1, 


5, 


10, 


15, 


20, 


25 








44 


1, 


5, 


10, 


15, 


20 










47 


1, 


5, 


10, 


15, 


20, 


30, 


40 






46 


1, 


5 
















45 


1, 


5, 


10 










# bottles: 


45 


Day 4 




















48 


1, 


5, 


10, 


15, 


20, 


30, 


40 






49 


1, 


5, 


10, 


15, 


20, 


30, 


40 






50 


1, 


5, 


10, 


15 















(continued) 



TABLE 1 (CONTINUED), 



Station No. 

Day 1 Sampling Depths 



Day 4 

51 1, 5, 10, 15, 20, 30 
16 1, 5, 10, 15, 20, 30 

55 1, 5, 10, 15, 20, 30, 40, 50, 60, 70, 80 

54 1, 5, 10, 15, 20, 30, 40, 50, 60 

53 1, 5, 10, 15, 20, 30, 40 

52 1, 5, 10, 15, 20 # bottles: 62 

Day 5 

15 1, 5 

14 1, 5, 10 

67 1, 5, 10, 15, 20, 25 

13 1, 5, 10, 15, 20, 25 

66 1, 5, 10, 15, 20, 30, 40, 50 

60 1, 5, 10, 15, 20, 30, 40 # bottles: 32 



filters, partially dehydrated through an ethanol series and embedded in clove 
oil. Prepared filters were mounted on 50 x 75-mm glass slides and covered with 
a 43 x 50-mm, # 1 thickness cover glass. Preparations were kept in a 
horizontal position and allowed to dry for approximately 2 weeks, during which 
time the embedding medium lost through volatilization was periodically 
replaced. The edges of the cover glass were then sealed with paraffin. • 

Preparations were analyzed by visual counts of phytoplankton cells present 
using a Leitz "Ortholux" microscope fitted with fluorite immersion objectives 
with a nominal Numerical Aperature of 1.32. Magnification used for 
identification and enumeration was approximately 1200 X. Population estimates 
given are the averaged counts from two 10 mm radial strips, corrected for 
volume filtered. Effective filtration diameter in the filtration apparatus 
used is 20 mm. 



DATA HANDLING AND PRESENTATION 

Reduction and meaningful presentation of the amount of taxonomic data 
generated by a project of this size present certain problems which are 
difficult to resolve in a manner completely satisfactory to all potential 
users. We would like to outline here our approach to this problem and to 
specify the formats and stages of reduction of the available data. 

Raw counts from bench sheets were encoded in computer compatible format on 
punched cards. Initial card input was machine verified against a master 
taxonomic code file and card listings were hand verified against bench sheets. 
After any necessary corrections were made, these cards served as a primary data 
archive. 

First-cut data reduction is in the format shown in Table 2. Summaries 
include estimates of absolute frequency and estimates of associated error and 
an estimate of relative abundance for all taxonomic categories. The same 
information is also provided for data summarized at the level of major 
physiological division. Assemblage parameters calculated include an estimate 
of total phytoplankton abundance and a measure of error associated with the 
estimate, an estimate of assemblage diversity (H), and an estimate of the 
evenness component of the calculated diversity. These semi-reduced data were 
reproduced as hard copy for final verification, then reduced to tape file 
storage. Subsequent data reduction and manipulation routines operated on these 
files. 

Since the semi-reduced data are too extensive to be economically 
reproduced in standard report format, but may be of interest to other 
investigators, we have transmitted copies (on tape file) to the project officer 
and copies can be obtained from that source. Permanent files are also 
maintained at this institution. 

Data display in the results section following is in three main formats: 
1. A complete listing of the taxa encountered during the study is 

given. This summarization includes the number of occurrences of each 
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and the maximum absolute and relative abundance found in any sample. 

2. Since one of the main objectives of this project was to assess the 
pattern of phytoplankton distribution in Southern Lake Huron, the 
distribution of many of the more quantitatively important taxa and 
major physiological groups have been plotted. 

3. Finally, we have made a broad scale summarization of abundance of 
both total phytoplankton and some of the major groups according to 
the lake segmentation scheme proposed by the International Joint 
Commission (1976). The segmentation adopted by IJC is shown in 

Fig. Z. Because some of our stations fall on the Saginaw Bay side of 
the proposed Lake Huron segmentation, we have added an additional 
segment, designated as 7A on the figure, which furnishes comparison 
with conditions found near the mouth of Saginaw Bay. 
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RESULTS 



OVERALL AVERAGES 

The overall abundance of phytoplankton at all stations In all cruises 
sampled during the study is shown in Table 3, As will be noted from Table 3, 
total average phytoplankton abundance within the area is moderate. However 
there is an extreme range in the phytoplankton concentrations which were 
encountered during the study. Of the major physiological groups present in the 
phytoplankton, diatoms are most abundant in southern Lake Huron and the green 
and blue-green algae comprise a lesser but still important part of the flora. 
Chrysophytes and cryptomonads, although present at nearly all stations sampled, 
are on the average minor components of the flora. Dinoflagellates constitute a 
very minor portion of the flora in terms of cell numbers, however due to the 
very large cells of some species, they may be an important part of the 
biomass. Euglenoids, although present, comprise a very minor fraction of the 
phytoplankton standing stock. In Table 3, an undetermined category is 
indicated. This category is comprised almost entirelx of microflagellates 
which cannot be satisfactorily determined under the light microscope. Many of 
these organisms probably belong to the algal division Haptophyta (Stoermer and 
Sicko-Goad, 1977; Sicko-Goad, Stoermer, and Ladewski, 1977). 

SEGMENT AVERAGES 

In order to inspect regional differences during the reference study, the 
offshore waters of Lake Huron have been segmented according to the scheme shown 
in Fig. 2 (Smith et al. 1976). For the purposes of this study, an additional 
segment labeled segment 7A in Fig. 2 has been designated which includes the 
waters in the Lake Huron-Saginaw Bay interface. A compilation of the stations 
sampled during this study according to their segment position is given in Table 
4. The yearly average abundance of phytoplankton belonging to the major 
physiological divisions is given in Table 5. It will be noted that the average 
standing crop in segment 7A is significantly higher than in the other 
segments. Segments 7 and 8 have comparable standing crop levels, while segment 
6 is significantly lower in phytoplankton abundance. In the case of the major 
physiological groups, the diatoms, the blue-greens, and particularly the green 
algae are significantly more abundant in segment 7A than in the other 
segments. The same trend is exhibited by the minor groups with the exception 
of the cryptomonads which are slightly more abundant in segment 6. As will be 
seen later, differences at the major group level are reflective of even larger 
differences at the specific population level. 

The relative abundance of the major physiological groups by segment is 
shown in Table 6. On average, diatoms are the most important component of the 
flora, with similar relative abundances in segments 6 and 8, somewhat reduced 
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TABLE 3. STATISTICAL SUMMARY OF 
SOUTHERN LAKE HURON PHYTOPLANKTON 
CRUISES 1-8 AT 5 METER DEPTH 



AVE. CELLS /ML, 2100.7 
RANGE 38221.0 - 293.22 
STANDARD DEVIATION 3165.3 
MEAN DIVERSITY 2.2923 



Ave. Relative Ave. 
Abundance % Cells /ml 



Blue-greens 


13.46 


381.39 


Greens 


20.17 


777.08 


Diatoms 


55.72 


790.52 


Chrysophytes 


4.72 


75.72 


Cryptomonads 


1.34 


16.36 


Dinoflagellates 


.10 


1.31 


Euglenolds 


.00 


.03 


Undetermined 


4.46 


58.18 
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TABLE 4. SOUTHERN LAKE HURON 
STATIONS GROUPED ACCORDING TO THE 
SEGMENTATION SCHEME 



Segment 6 7a 



20 


36 


6 


7 


21 


37 


13 


9 




38 


14 


10 




39 


15 


11 




40 


16 


54 




41 


23 


55 




42 


24 


56 




43 


25 


57 




44 


26 


58 




45 


46 


60 






47 


66 






48 








49 








50 








51 








52 








53 








63 








64 








65 








67 
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TABLE 5. YEARLY AVERAGE ABSOLUTE ABUNDANCE (CELLS/ML) OF 
ALGAL DIVISIONS BY SEGMENT FOR CRUISES 1-8 AT 5 METER DEPTH 
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73-31 


7a 


695.37 


2130.48 


969.75 


120.74 


19.43 


1.23 


83.80 


7 


294.34 


382.12 


753.82 


74.50 


15.47 


1.91 


51.97 
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214.46 


134.31 


759.14 


34.85 


12.49 


1.06 


41.23 
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TABLE 6. YEARLY AVERAGE RELATIVE ABUNDANCE (J) OF ALGAL 

DIVISIONS BY SEGMENT FOR CRUISES 1-8 

AT 5 METER DEPTH 
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6.05 


1.21 


.12 
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15.88 


58.71 
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4.43 
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relative abundance in segment 7, and comprise less than 50 percent of the total 
flora only in segment 7A. Green algae are significantly more abundant in 
segment 7A than in the other segments. On the other hand, the relative 
abundance of blue-greens is similar in segments 7, 7A, and 8, but considerably 
lower in segment 6. Unlike these groups, the cryptomonads and undetermined 
microflagellates tend to be relatively more abundant in segment 6 than in the 
other segments. 

The seasonal trends of total phytoplankton abundance are shown in Fig. 3. 
Segment 6 is characterized by having relatively low and stable phytoplankton 
assemblage abundance during most of the sampling period, with a slight peak 
during August. Unfortunately stations in this segment were not sampled during 
the April nor the October and November cruises. The general pattern of 
phytoplankton abundance is similar in segment 7, although cell densities are 
considerably larger, particularly during the fall maximum. In segment 8, 
abundance is on the average somewhat less than in segment 7, and population 
densities tend to be more stable with a slightly increased spring peak and a 
markedly decreased fall peak. The situation in segment 7A is markedly 
different than in the other segments. There is a generally rising trend in 
phytoplankton density throughout the period sampled with peaks in late May, 
July, and October. Phytoplankton densities in this segment are significantly 
larger in all sampling periods than in the other segments. The numerical 
averages of phytoplankton cell densities found in each segment by cruise are 
shown in Table 7 and the average diversities of the phytoplankton assemblages 
at the stations sampled during each cruise is shown in Table 8. 

The seasonal trends in major physiological groups are shown in Fig. 4. In 
segment 6 diatoms are dominant until July, when they are replaced to a 
significant extent by green and blue-green algae. In segment 7 there is a 
definite bimodal pattern in diatom abundance with peaks occurring in June and 
August separated by an assemblage minimum in July. Green algae, on the other 
hand, undergo a slight increase in average density in June, then reach minimum 
abundance in July before reaching their seasonal maximum in October. The 
blue-green algae only reach significant levels of abundance after June, and 
increase to their seasonal maximum in October together with the green algae. 
In segment 8, abundance of diatoms is somewhat more erratic, although a 
definite spring peak is present. The overall abundance of green algae in this 
segment is less than in segment 7, with only weak population peaks in June and 
August. Similar to segment 7, the blue-green algae first reach appreciable 
abundance in June and reach their seasonal population maximum in October. In 
this segment, the blue-greens attain substantially larger abundance than do the 
green algae. Segment 7A presents a considerably different picture. Diatom 
populations exhibit a pronounced bimodal distribution with peaks in May and 
November with a marked population minimum in July. The green algae are much 
more abundant in this segment than in the other segments , and show a 
considerably different pattern of seasonal succession. The populations rise 
from very low abundances in April to maxima in late May. These are followed by 
pronounced minima in June. Green algae then increase markedly in abundance to 
maximum numbers in July, and remain the dominant element of the flora 
throughout the rest of the season sampled. In this segment the blue-green 
algae comprise an appreciable part of the phytoplankton assemblage during all 
of the sampling cruises. However, they are a relatively minor part of the 
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Figure 3. Seasonal trends of total phytoplankton abundance (cells/ml) 
by 3egment. 
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TABLE 7. PHYTOPLANKTON STANDING CROP BY SEGMENT. 
MEAN VALUES EXPRESSED AS CELLS/ML 
FOR CRUISES 1-8 AT 5 METER DEPTH 



Ave. 
Total 

Cells/ml 12345678 

6 691.58 670.2 873.4 706.9 686.9 1520.5 

7a 3888.13 1070.9 3169.0 4173.3 2265.9 6150.8 4422.1 6404.0 4519.9 

1 1573.87 1014.4 1305.5 1626.7 1187.7 700.1 1815.0 2925.5 2017.0 

8 1200.25 1058.9 1417.6 810.1 1045.1 551.7 1364.2 1861.6 1492.7 



TABLE 8. AVERAGE DIVERSITY OF PHYTOPLANKTON FOR CRUISES 1-8 
AT 5 METER DEPTH BY SEGMENT 



Ave. 12345678 

6 2.386 2.948 2.661 2.831 1.736 1.753 

7a 2.273 2.891 2.682 2.060 2.237 1.694 1.969 2.327 2.274 

I 2.372 2.899 2.874 2.691 2.556 2.006 1.737 2.334 1.908 

8 2.294 2.861 2.869 2.615 2.590 1.864 1.762 1.954 1.825 
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Figure 4. Seasonal abundance (cell3/ml) trend3 of the major algal 
groups by segment. 
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total assemblage until July, when they begin a rise to maximum population 
densities in October. This seasonal peak is followed by a decline in abundance 
in November, Numerical averages of the absolute abundance of major 
phytoplankton groups by segment and by cruise are given in Tables 9-12. For 
comparison, the relative abundances of these groups are given in Tables 13-16. 

THE PHYTOPLANKTON FLORA OF SOUTHERN LAKE HURON 

A summary compilation of the taxa occurring in samples taken during this 
project is given in Appendix 1. In the appendix, taxa are arranged 
alphabetically by genus and by species under the major divisions. In many 
cases, taxa were encountered which could not be identified with known species. 
In some cases, this is due to the lack of critical life cycle stages or 
structures necessary for identification. In other cases, it may be due to the 
availablity of only a limited number of atypical specimens. There are 
undoubtedly a certain number of taxa which have not been previously described 
in the literature. Morphological entities which could only be identified at 
the generic level are listed with arbitrary numerical designations under the 
appropriate genera. Entities which could not be satisfactorily determined at 
the generic level are listed at the end of the divisional classification with 
some qualifying descriptor, i.e. undetermined blue-green filament; undetermined 
green individual. Unfortunately, in certain instances taxa which could not be 
satisfactorily identified are a major element of the phytoplankton flora at 
certain stations. This is particularly true in the case of the very small 
filamentous green alga designated as undetermined green filament number 5. As 
will be seen from the compilation, this taxon is the most abundant entity in 
terms of cell numbers found in several stations. 

In the compilation, the total number of occurrences for each taxon is 
given, followed by the average population density and relative abundance of the 
species, which is followed by the maximum level of abundance and percentage of 
populations attained. A considerable proportion of the species noted during 
this study are probably pseudoplanktonic . For instance, 22 species of the 
genus Achnanthes were noted in the samples we examined. Most members of this 
genus are sessile in growth habit and they are probably only secondarily 
entrained into the plankton. The notable exception to this is Aghnantheg 
qlevei var. poqtrata which often grows attached to some of the larger 
planktonic diatoms and thus, although sessile, is a normal component of 
phytoplankton assemblages in the Laurentian Great Lakes. 

In the compilation, we have also noted the occurrence of particular life 
cycle stages for certain taxa. Examples of this would be auxospore formation 
in certain Cvolotella species which was quite common at certain of the stations 
sampled, and statospores formed by genus Dinobrvon . In a limited number of 
cases we have also noted the occurrence of populations which are obviously 
morphologically abnormal and this information is included in the compilation. 
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TABLE 12. ABUNDANCE OF CHRYSOPHYTES (CELLS/ML) FOR SOUTHERN 
LAKE HURON BY SEGMENT FOR CRUISES 1-8 AT 5 METER DEPTH 



Ave. 12345 6 78 

6 19.47 27.23 5.24 29.32 29.32 6.28 

7a 120.74 75.75 92.85 83.57 24.71 91.53 330.50 210.49 56.55 

2 74.50 37.00 45.38 70.41 24.93 54.55 183.71 166.16 13.86 

8 34.85 26.63 18.06 30.37 29.95 22.09 14.28 114.84 22.62 



TABLE 13. RELATIVE ABUNDANCE (Z) OF DIATOMS IN SOUTHERN 
LAKE HURON BY SEGMENT FOR CRUISES 1-8 AT 5 METER DEPTH 



Ave. 12345678 

6 66.91 78.13 76.87 78.77 78.50 22.31 

7a 41.67 69.67 64.60 36.88 60.80 22.38 19.19 27.12 32.73 

1 58.71 79.20 75.15 66.13 70.30 60.78 56.75 30.06 31.36 

8 67.13 82.55 65.82 79.38 79.38 78.66 58.68 45.07 47.19 
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TABLE 14. RELATIVE ABUNDANCE (Z) OF GREEN ALGAE IN 
SOUTHERN LAKE HURON BY SEGMENT FOR CRUISES 1-8 AT 5 

METER DEPTH 



Ave. 1 2 3 4 5 6 78 

6 16.67 10.94 12.08 7.03 3.06 50.28 

7a 32.02 11.36 22.52 46.43 22.29 52.94 36.14 24.46 40.03 

1 15.88 8.85 15.80 19.12 6.68 11.73 15.65 26.88 22.38 

8 10.92 .15 10.57 18.80 8.40 7.63 24.99 6.53 10.40 



TABLE 15. RELATIVE ABUNDANCE (J) OF BLUE-GREEN ALGAE IN 
SOUTHERN LAKE HURON BY SEGMENT FOR CRUISES 1-8 AT 5 METER 

DEPTH 



Ave. 12345678 

6 3.19 .02 .49 15.47 

7a 15.01 .15 4.03 5.86 10.79 12.62 26.54 38.07 22.07 

2 13.21 .10 .39 .48 6.69 10.19 16.19 30.79 40.83 

8 11.44 .15 1.10 .30 4.61 10.43 38.55 36.39 
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REGIONAL AND SEASONAL TRENDS IN TOTAL PHYTOPLANKTON ABUNDANCE 

In early May (Fig. 5A) phytoplankton density was rather low and uniform in 
all stations sampled. Slightly increased assemblage abundance was noted at 
stations nearer shore along both the U.S. and Canadian coasts. By mid-May 
(Fig. 5B) total phytoplankton abundance had increased markedly at stations in 
the Saginaw Bay interface and at stations south along the Michigan coast below 
Saginaw Bay. Slight increases in abundance were also noted along the Canadian 
shore north and south of Goderich. Phytoplankton abundance during this period 
was apparently affected by the spring excursion of the thermal bar, and the 
high population densities noted on the eastern Canadian coast are at least 
partially reflective of this condition. By early June (Fig. 5C) the effect of 
the spring thermal bar was largely dissipated and total phytoplankton abundance 
appeared to be controlled by nutrient input from Saginaw Bay. This is marked 
by very high phytoplankton densities in the Saginaw Bay interface and somewhat 
elevated densities southerly along the Michigan coast below the bay. By late 
June (Fig. 5D) total phytoplankton abundance had declined at most stations 
sampled. Markedly elevated phytoplankton abundance was noted only at stations 
in the southerly sector of the Saginaw Bay interface, with slightly elevated 
levels occurring at nearshore stations north and south of Tawas on the Michigan 
coast, and north and south of Goderich on the Canadian coast. By mid- July 
(Fig. 5E), phytoplankton abundance had further declined at most stations 
sampled. However, very high phytoplankton densities were noted at several 
stations in the southerly quadrant of the Saginaw Bay interface. During the 
late August cruise (Fig. 5F) a general increase in phytoplankton cell numbers 
was found throughout the area of study. It should be noted that this is not 
necessarily reflective of an increase in biomass of the phytoplankton, since 
most of the populations dominant during this period of the year are 
small-celled species. Phytoplankton assemblage distribution during this month 
is somewhat unusual in that highest cell densities were noted in the northerly 
sector of the Saginaw Bay interface. This appears to result from Saginaw Bay 
water being transported northward along the Michigan coast during this time 
period. In all other cases sampled, it appeared that the dominant transport 
was southerly along the Michigan coast. This situation appeared to prevail 
during the early October sampling (Fig. 5G) when particularly elevated 
phytoplankton cell densities were noted in the southerly sector of the Saginaw 
Bay interface and southward along the Michigan coast in the vicinity of Harbor 
Beach. Slightly elevated phytoplankton numbers were found at nearshore 
stations above Tawas, but these were only on the order of 50 percent or less of 
the cell densities found in the southern sector. A similar situation 
apparently prevailed at the time of the mid-November sampling (Fig. 5H) when 
highest cell densities again occurred in the southerly sector of the Saginaw 
Bay interface and southward along the Michigan coast. It should be noted that 
during all except the first cruise the pattern of phytoplankton distribution in 
southern Lake Huron is strongly dominated by the extremely high cell numbers 
found in the Saginaw Bay interface waters. 



28 




28 APR - 3 MAY 74 



tot*. 




14-17 MAY 74 



TOTAL 



Figure 5. Seasonal distribution and abundance 

trend3 of the total phytoplankton assemblage 
(continued) 



29 




4-8 JUN 74 



TOTAL 




17-21 JUN 74 



Tom. 



Figure 5. (continued) 
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Figure 5. (continued) 
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REGIONAL AND SEASONAL TRENDS IN ABUNDANCE OF MAJOR GROUPS AND SELECTED TAXA 

Bacillariophyta 

Although as will be seen later there are considerable differences in the 
distribution patterns of individual populations, diatoms are an important 
component of the phytoplankton assemblages at most stations during all seasons 
of the year. In early May (Fig. 6A) diatom abundance tends to be highest at 
nearshore stations, with little obvious pattern at the other stations sampled* 
This trend is enhanced in the mid-May sampling period (Fig. 6B) when highest 
diatom abundance is found at nearshore stations and in the Saginaw Bay 
interface waters. Even in the Saginaw Bay stations, however, there is a 
considerable increase in diatom abundance in stations nearest shore, 
particularly in the southern sector. This distribution pattern is probably 
controlled by the spring thermal bar. By early June (Fig. 6C) the thermal bar 
has ceased to be an appreciable factor, and diatom abundance is relatively 
uniform at the stations sampled, with slightly higher population densities in 
stations in the Saginaw Bay interface and southward along the Michigan coast. 
Essentially the same situation occurred during the mid- June sampling (Fig. 6D) 
although there was a visible increase in diatom abundance at nearshore stations 
along the Canadian shore. In mid- July (Fig. 6E) diatom abundance was low but 
relatively uniform at most stations sampled. Diatom abundance was strongly 
reduced in the central and southerly sectors of the Saginaw Bay interface and, 
to a lesser extent, southerly along the Michigan coast. Population densities 
similar to those at offshore stations and to nearshore stations on the Canadian 
coast were found at nearshore stations in the northern sector of the Saginaw 
Bay interface. By mid-August (Fig. 6F) diatom abundance had increased at most 
stations south of Saginaw Bay, although the increase was not as large in 
stations of the Saginaw Bay interface as at stations in the main body of Lake 
Huron. The exception to this trend of increasing diatom abundance was the 
relatively low numbers of this group found at stations in the extreme northern 
part of the sampling area. In early October (Fig. 6G) diatom abundance was 
quite uniform at stations sampled in the main part of Lake Huron, with slightly 
increased densities in the Saginaw Bay interface water, particularly at 
stations nearest shore. This trend towards increased diatom abundance at 
nearshore stations continued during the mid-November sampling period (Fig. 6H) 
when diatom abundance was considerably elevated at nearshore stations, possibly 
as a result of the development of the fall thermal bar situation. 

Actinocyclus normanii fo. subsalsa 

This is one of the species which has increased markedly in abundance in 
areas of the Great Lakes which have been greatly disturbed (Hohn, 1969). Its 
correct classification has been a source of considerable argument and confusion 
and it has been reported variously as Coscinodiscus radiatus by Hohn (1969), JC. 
rothii var. subsalsa , and C* subsalsa by Stoermer and Yang (1969). Hasle 
(1977) has studied this taxon with the scanning electron microscope and 
confirmed Hustedt's (1957) contention that it should be included in the genus 
Actinocyclus . Its distribution in our study area is relatively limited. One 
isolated population was found in the Saginaw Bay interface waters in early May 
(Fig. 7A). Maximum abundance of this species occurred during the October 
sampling (Fig. 7B) when sizeable populations were found at a group of 
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Figure 6. Seasonal abundance and distribution 
of diatoms, (continued) 
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Figure 6. (continued) 
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Figure 6. (continued) 
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Figure 6. (continued) 
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Figure 7. Distribution of Actinocvclua normanii 
fo. 3ub3alaa . (continued) 
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stations in the southern sector of the Saginaw Bay interface. Small 
populations were also found during November (Fig. 7C) at stations in the 
Saginaw Bay interface. It reaches its greatest abundance in the inner bay 
during fall. 

Asterionella formosa 

This well-known and apparently eurytopic phytoplankton dominant occurs in 
all areas of the Great Lakes under conditions ranging from pristine to highly 
disturbed. Like many similar "weed" phytoplankton species, it does not appear 
to respond to other than extreme changes in environmental conditions. In 
southern Lake Huron its distribution is not as highly patterned as that of some 
more sensitive species. During early May (Fig. 8A) populations of this species 
were found at all stations sampled, but no pattern of distribution was 
evident. During mid-May (Fig. 8B) population levels tended to be highest at 
nearshore stations along the Canadian shore and, to a lesser extent, at the 
outer stations in the Saginaw Bay interface and southward along the U.S. 
shore. During early (Fig. 8C) and late (Fig. 8D) June the distribution of this 
species was rather erratic, with a slight tendency for higher population levels 
to occur along the U.S. shore in early June, and in the Saginaw Bay interface 
and southward along the U.S. shore in late June. In mid-July (Fig. 8E) 
populations were markedly reduced except at stations in the southern part of 
main Lake Huron, and in the northerly part of the Saginaw Bay interface. This 
trend continued in August (Fig. 8F) when A. formosa was absent, or 
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Figure 7. (continued) 
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Figure 8 . Distribution of A3terionel^ 
f ormoaa . (continued) 
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Figure 8. (continued) 
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Figure 8. (continued) 
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only present in minimal numbers, except at nearshore stations and stations in t 
the Saginaw Bay interface* As is the case for several other taxa during this 
month, highest population levels were found at nearshore stations along the 
northerly coast of Saginaw Bay. This species generally increased in abundance 
by the October sampling period (Fig* 8G) with highest population levels again 
being found in the Saginaw Bay interface waters. This trend apparently 
continued into November (Fig. 8H) when maximum population levels were found in 
the southerly sector of the Saginaw Bay interface and southward along the 
Michigan coast. Slightly increased abundance was also noted at nearshore 
stations along the Canadian shoreline . 

CyslQtgiia comensis 

The seasonal distribution of this species in southern Lake Huron is quite 
unusual. Although small populations were detected during the April sampling 
(Fig. 9A) it achieved only very low population densities during May, June, and 
July (Figs. 9B-E). In August (Fig. 9F) it appeared in bloom quantities at most 
stations sampled. Population densities were reduced only at stations in the 
Saginaw Bay interface waters, particularly in the northern sector where other 
species 1 populations were generally highest, and conversely at stations in the 
far northern part of the sampling array where most other species 1 populations 
were found in their lowest abundance. Although somewhat less abundant during 
the October sampling period than it had been the previous month, substantial 
populations were still found at most stations sampled during October (Fig. 9G), 
with highest abundance in the northerly sector of the Saginaw Bay interface. 
Abundance of this species was further reduced during the November sampling 
period (Fig. 9H) at most offshore stations, although it remained abundant at 
stations nearshore and stations in the Saginaw Bay interface waters. The 
ecological affinities of this species are poorly known. It has been previously 
reported from large alpine lakes in Europe, and it has previously been found in 
limited abundance in Lake Superior and in northern Lake Huron (Schelske sL jSlL* > 
1972, 1974; Lowe, 1976). While it has been reported as being a summer blooming 
form in large European alpine lakes, the population levels achieved in southern 
Lake Huron are unprecedented in our experience for the Great Lakes. More 
recent data (Stoermer, unpublished) indicate that it has also become abundant 
in Lake Michigan where it was previously unreported despite fairly intensive 
sampling. The reasons for the apparent expansion of this particular species 
are not apparent. However its seasonal pattern of occurrence would indicate 
that it can tolerate very low levels of silicon and is one of the few diatom 
species which can respond to loadings from Saginaw Bay during the summer and 
early fall. 

CYSlotella QQBta 

This species is a member of the classical oligotrophic Cvclotella 
association (Hutchinson, 1967). It is apparently tolerant of moderate levels 
of eutrophication, but has been removed from areas of the Great Lakes which 
have been excessively disturbed (Hohn, 1969; Duthie and Sreenivasa, 1971). In 
southern Lake Huron scattered low level populations of this species are found 
particularly in the northwestern sector of our sampling area during April 
(Fig. 10A) and May (Fig. 10B). It is more abundant during the early June 
sampling period (Fig. 10C) but high population levels are still largely 
restricted to the western half of the sampling array. During late June 
(Fig. 10D) populations are found at most stations sampled, and the species is 
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Figure 8. (continued) 
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Figure 9. (continued) 
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Figure 9. (continued) 
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Figure 9. (continued) 
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Figure 10. Distribution of Cvclotella comta . 
(continued) 
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consistently absent only from stations in the southern sector of the Saginaw 
Bay interface. Essentially the same situation prevailed during the July 
sampling (Fig. 10E) but large populations were noted at nearshore stations 
north of Tawas. The species generally increased in abundance by August 
(Fig. 10F) and was absent only from a few stations in the Saginaw Bay interface 
water and south along the Michigan coast. It remained abundant during October 
(Fig. TOG) only to decline in abundance again in November (Fig. 10H). 

cvoioteiia inichifianiana 

This species was originally described (Skvortzow, 1937) from the Great 
Lakes and its recorded distribution is largely restricted to these bodies of 
water and the inland lakes of Michigan. In southern Lake Huron only small 
populations of these species were present during the May and June sampling 
cruises (Fig. 11A-D). During July (Fig. 1 1E) it underwent an explosive 
increase in abundance at stations in the western half of the area sampled, 
although it was more abundant in stations in the main .body of Lake Huron than 
the Saginaw Bay interface waters. During August (Fig. 11F) this pattern was 
reversed, with highest populations occurring in the eastern half of southern 
Lake Huron, although appreciable populations were found at most stations 
sampled. Population levels of this species began to decline during October 
(Fig. 11G) and reached spring levels by the November cruise (Fig. 11H). 

This species is an important component of phytoplankton assemblages in 
northern Lake Huron (Schelsfee siaJL. , 1974; Schelske sL fiJL* > 1976) and is 
generally abundant in areas of the Great Lakes which have not undergone 
significant eutrophication. In southern Lake Huron it was found at all 
stations sampled during the April cruise (Fig. 12A) and was reduced in 
abundance only at a few stations in the Saginaw Bay interface waters and 
southerly along the Michigan coast. It was slightly more abundant during the 
May cruise (Fig. 12B) but again its abundance was reduced at a few stations in 
the Saginaw Bay interface. Its abundance continued to increase at most 
stations sampled during the early (Fig. 12C) and late (Fig. 12D) June cruises. 
During both of these cruises the abundance of this species was reduced at 
stations in the Saginaw Bay interface waters, and at nearshore stations along 
the Canadian shore. During the July cruise (Fig. 12E) population levels were 
reduced at stations in the southerly half of the Saginaw Bay interface, and at 
main lake stations in the southern half of Lake Huron, although it remained 
abundant at stations in the northern and eastern sectors of the lake. Minimum 
abundance of £. ooellata was found during the August cruise (Fig. 12F) when it 
was either absent or present in only very small numbers except at station 6 in 
the far southeast sector of the lake. This isolated abundant occurrence may be 
indicative of upwelling at this station, as £. ooellata is one of the species 
which has been noted to occur in large numbers at thermocline or 
sub-thermocline depths. By October (Fig. 12G) this species was again present 
at most stations sampled, with highest abundance at stations north of Saginaw 
Bay. It was again present in November (Fig. 12H) although its distribution was 
irregular, with the only trend being a tendency to decrease in abundance from 
north to south in the area sampled. 
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Cyclotella operculata 

Although this species is generally associated with oligotrophic 
assemblages in the Great Lakes (Schelske et al . , 1976), its distribution is 
highly erratic in southern Lake Huron* During April, May and June 
(Figs. 13 A-D) only isolated populations were found at scattered stations 
throughout the areas sampled. During July (Fig. 13E) it was consistently 
present at the innermost stations in the Saginaw Bay interface, and isolated 
populations were found in other areas of the lake. During August (Fig. 13F) 
its abundance increased somewhat, although its pattern of occurence was still 
extremely scattered. This species reached its maximum abundance during the 
October cruise (Fig. 13G) when it was present in significant abundance at most 
stations sampled, particularly in the northern part of the study area. It 
however declined drastically by November (Fig. 13H) although populations were 
still present at most stations sampled except those in the northeasterly sector 
of the sampling area. 

Cyclotella pseudostelligera 

Unlike other members of this genus previously discussed, populations of 
this species are usually restricted to significantly eutrophied or disturbed 
areas. It is often a dominant member of the assemblage in eutrophic small 
lakes and rivers (Belcher, Swale, and Heron, 1966; Hustedt, 1956). In the 
Great Lakes large populations are generally restricted to harbor mouths and 
eutrophied nearshore areas (Stoermer and Yang, 1970) although occasional 
populations are found in offshore waters. In southern Lake Huron this species 
was noted only in samples taken during the July, August and October cruises 
(Figs. 14A-C). All occurrences noted were either at nearshore stations or 
stations in the Saginaw Bay interface. It was most abundant during August 
(Fig. 14B) when appreciable populations were found at several nearshore 
stations in the far northwestern sector of the sampling area and at a nearshore 
station along the Canadian coast. 

Cyclotella stelligera 

This species is a common offshore dominant in Great Lakes phytoplankton 
assemblages. Although it responds strongly to experimental phosphorous 
enrichment (Stoermer, Schelske, and Feldt, 1971) it is apparently intolerant of 
highly eutrophied conditions in the natural environment, and tends to be 
removed from regions of the Great Lakes which have undergone extensive 
disturbance. It was present during the late April and May southern Lake Huron 
cruises (Figs. 15A-B) generally in low abundance and no particular distribution 
pattern was evident. Similar population densities were noted during the June 
cruises (Figs. 15C-D), however reduced population densities were noted at 
stations in the Saginaw Bay interface waters and stations along the Canadian 
coast, particularly later in the month. During July (Fig. 15E) populations 
increased markedly in the offshore waters of southern Lake Huron, although 
populations remained at minimal levels at stations in the Saginaw Bay interface 
waters. During August (Fig. 15H) highest population densities of this species 
were found in the northern and eastern sectors of the sampling area, with 
generally reduced populations at the rest of the stations. During October and 
November (Fig. 15G-H) this species was at minimal levels compared to the 
previous month, however low level populations were found at most stations 
sampled • 
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Piatgma jLsms. var. giQnratm 

This species is widely distributed in the modern Great Lakes, generally 
reaching its greatest abundance in areas that have undergone significant 
eutrophication. It was present during all sampling periods in our study 
(Fig. 16 A-H) but significant population densities were generally restricted to 
stations in the Saginaw Bay interface waters and stations nearest shore. It 
reached its greatest abundance during the November cruise (Fig. 16H) at the 
innermost of the Saginaw Bay interface stations. 

Piatoma terms var. pachvcephala 

This entity is morphologically quite similar to £.. tenue var. elongatum 
and in the Laurent ian Great Lakes appears to have essentially similar 
distributional affinities. In southern Lake Huron, however, it is both more 
abundant and has a different temporal and spatial distribution than the 
previously discussed taxon. It was found at most stations sampled during the 
early May cruise (Fig. 17A), with maximum population densities occurring at 
nearshore stations along the Michigan coast. By mid-May (Fig. 17B) it had 
become quite abundant at nearshore stations in the Saginaw Bay interface and 
southward along the Michigan coast. During this cruise population densities 
were generally elevated in nearshore stations, probably as a result of the 
thermal bar condition. By early June (Fig. 17C) population densities had 
begun to decline, although it remained relatively abundant at stations in the 
southerly part of the Saginaw Bay interface and southward along the Michigan 
coast. Populations apparently continued to decline and, by late June 
(Fig. 17D), only scattered low level populations were found at the stations 
sampled. This taxon was rare during the rest of the season with only a few 
isolated populations being found during November (Fig. 17E). 

68 



EWTTflMM 




28 APR - 3 MAY 74 



CTSTBLU 




14-17 MAY 74 



CTSTOJJ 



Figure 15. Distribution of Cvclotslla atslligora . 
(continued) 



69 




4-8 JUN 74 



J BGOOQUCH 



CTSTELLI 




17-21 JUN 7U 



CT3TELLI 



Figure 15. (continued) 
70 




17-22 JUL 74 



CTSTELLJ 




26-31 RUG 74 



CT3TEUJ 



Figure 15. (continued) 



71 




8G00QUCH 



8-12 OCT 74 



CTSTELU 




10-14 NOV 74 

Figure 15. (continued) 



CTSTELU 



72 




BGOKMCH 



28 RPR - 3 MAT 74 



onawe 




BGOOOIICH 



14-17 MAT 74 



DITENUVC 



Figure 16. Distribution of Diatoma tenue var. 
elongat^. (continued) 



73 




ttGOOOHGH 



4-8 JUN 74 



OITENUVE 



EftST TAHRS 




UGCOEAtQi 



17-21 JUN 74 



027CNUVE 



Figure 16. (continued) 
74 




17-22 JUL 74 



orrouvc 



BOOOEBJCH 




26-31 AUG 74 




gGOOBMCH 



8-12 OCT 74 



OJTENUYE 



»GOOQUCH 




10-14 NOV 74 



OITEMJVC 




28 APR - 3 MAY 74 



8G00OHCH 



IT HURON 



OITCNUVP 




14-17 MAY 74 



OITENUVP 



Figure 17. Distribution of Diatoms tenue var. 
pachvoenhp]^. (continued) 



77 




ttGOOQUCX 



4-8 JUN 74 



OITENUVP 




17-21 JUN 74 



OITENUVP 



Figure 17. (continued) 



78 



ERST TRHfiS 




3G00ER1CH 



10-14 NOV 74 



QITENUVP 



Figure 17. (continued) 



capvicina 

Although this species is most commonly reported from small eutrophic 
lakes, it is one of the forms which can successfully invade portions of the 
Great Lakes which become significantly eutrophied (Hohn, 1969) and may become a 
dominant element of the flora in disturbed parts of the system (Stoermer and 
Yang, 1970). It is surprisingly abundant in southern Lake Huron. During early 
May (Fig. 18A) small populations were found in the Saginaw Bay interface waters 
and at some localities along both the Michigan and Canadian coast. In mid-May 
(Fig. 18B) it had become very abundant at stations in the southerly sector of 
the Saginaw Bay interface and southward along the Michigan coast. Small 
populations were also found at most shoreward stations sampled. It occurs in 
the nearshore zone at this time with Stephanodiscus binderanus . where their 
distribution is restricted by the spring thermal bar. During June (Fig. 18C-D) 
it was abundant at stations in the Saginaw Bay interface and stations running 
southeastward from this area. During late June (Fig. 18D) significant 
populations were also found at stations along the Canadian coast. During July 
and August (Fig. 18E-F) the species declined in abundance although occasional 
populations were still found in the Saginaw Bay interface and at stations along 
the Canadian coast. It again increased in abundance during the fall cruises 
(Fig. 18G-H) but population densities did not approach those found during the 
spring bloom, and occurrences were restricted to the Saginaw Bay interface 
waters and a few stations southward along the Michigan coast. 
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srQtonsnsis 

This species is one of the most widely distributed and apparently 
eurytopic of all freshwater planktonic diatoms. It is common throughout the 
Great Lakes system and apparently tolerant of the full range of conditions 
found within the system. It responds strongly to experimental phosphorus 
enrichment (Stoermer, Ladewski and Schelske, 1978) but significant populations 
may be found in areas of the Great Lakes which have low ambient nutrient 
concentrations. It was present at most stations sampled during the early May 
cruise (Fig. 19A) with highest population densities occurring at stations along 
the Michigan coast. By mid-May (Fig. 19B) populations were highest at stations 
in the Saginaw Bay interface and nearshore stations around the southern basin. 
The increase at nearshore stations appeared to be associated with the 
development of the spring thermal bar. In early June (Fig. 19C) population 
levels were somewhat reduced, with highest densities occurring at scattered 
stations in the Saginaw Bay interface. In late June (Fig. 19D) this species 
bloomed at stations in the southerly portion of the Saginaw Bay interface, and 
it was present at most stations sampled. These populations had apparently 
collapsed by the time the mid-July samples (Fig. 19E) were taken and highest 
population densities were found in the extreme southern portion of the lake. 
Seasonal minimal abundance of this species occurred during August (Fig. 19F) 
when only isolated low level populations were found. It increased in abundance 
again during October (Fig. 19G) when highest population densities were again 
found in the Saginaw Bay interface waters. Similar population densities were 
found during the November cruise (Fig. 19H) when this species was most abundant 
in the Saginaw Bay interface waters southward along the Michigan coast and at 
certain stations along the Canadian coast. 

Frasilaria pinnata 

This species is primarily benthic in habitat preference and, although 
occasional specimens may be found in plankton collections from the Great Lakes, 
it is rarely a dominant element in phytoplankton assemblages. Its distribution 
appears to be controlled by both nutrient availability and the availability of 
suitable benthic substrates. For instance, in Lake Michigan (Stoermer and 
Yang, 1970), its distribution is largely restricted to stations along the 
western shore. It appears to be more abundant in southern Lake Huron than in 
other areas of the Great Lakes so far studied. In May (Fig. 20A-B) occasional 
populations were noted, particularly at nearshore stations and stations in the 
Saginaw Bay interface. During early June (Fig. 20C) this species was not 
abundant but did occur at nearshore localities in Saginaw Bay and north and 
south along the Michigan coast. Populations were at very low levels during the 
mid-June and July cruises (Fig. 20D-E). Abundance increased somewhat during 
August (Fig. 20F) and it had become quite abundant by the time the October 
(Fig. 20G) samples were taken, with appreciable populations present in the 
Saginaw Bay interface stations and at most nearshore stations all along the 
Michigan coast. Population levels of this species were generally reduced 
during the November cruise (Fig. 20H) at stations south of Saginaw Bay, 
although it reached seasonal maxima at stations along the Michigan coast north 
of Tawas. 
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Melosira Kranulata 

This species generally reaches its highest abundance in small eutrophic 
lakes where it often forms sizeable early summer and early fall blooms. It is 
a common element of phytoplankton assemblages of shallow eutrophied areas in 
the Laurentian Great Lakes, but rarely, if ever, reaches high population 
densities in the offshore waters of the lakes other than Lake Erie. It was 
first noted during the early May sampling cruise at two nearshore stations 
along the Michigan coast (Pig. 21A). By mid-May (Fig. 21B) it was abundant at 
certain stations at the Saginaw Bay interface waters, and low level populations 
were also noted at nearshore stations along the Canadian coast. Population 
levels of ft. granulate declined during June (Fig. 21C-D) although scattered 
occurrences were noted. This trend continued into July and August (Fig. 21E-F) 
with only occasional populations found at nearshore stations. During October 
(Fig. 21G) the abundance of this species again increased, and sizeable 
populations were noted at stations in the southerly sector of the Saginaw Bay 
interface and at most nearshore stations sampled. Maximum population levels 
were noted in November (Fig. 21H) when it was abundant at stations in the 
Saginaw Bay interface and present at several stations in the southern part of 
main Lake Huron, including some stations near mid-lake. Two growth forms of 
this taxon were noted during this study, a very coarsely punctate type with 
large spines and a finely punctate form with short spines. 

Melosira ialandina 

This species is a common cold season dominant in boreal and alpine lakes 
worldwide. It is common throughout the Great Lakes system and appears to be 
favored by moderate levels of nutrient increase although it tends to disappear 
in areas which are grossly perturbed. It was present at most stations sampled 
during early May with greatest abundance at stations along the Canadian 
shoreline. By mid-May populations had somewhat increased and the species was 
again exceptionally abundant at stations along the Canadian coast north and 
south of Goderich (Fig. 22A-B). Population levels generally declined during 
June (Fig. 22C-D) and only occasional low-level occurrences were noted during 
the rest of the sampling season (Fig. 22E-G). 

Nitzschia aelculaHa 

The distribution and ecological affinities of this species are not well 
known, and it is rarely reported from plankton communities. It is widely 
distributed in the Laurentian Great Lakes and is a common minor component of 
phytoplankton assemblages in those areas which have been studied in detail. It 
may be much more abundant than generally realized because cells may be confused 
with members of the genus gynedxa i* observed in wet mounts. Rather uniform 
populations of this species were present at most stations sampled during May 
(Fig. 23A-B). In early June (Fig. 23C) distribution of this species was more 
erratic, and although it was still abundant at many stations, populations were 
significantly reduced in the Saginaw Bay interface waters and at certain 
stations offshore. Populations continued to decline in late June (Fig. 23D) 
although the species remained abundant at nearshore stations north of Tawas 
and, to a lesser extent, at stations south of Saginaw Bay along both the U.S. 
and Canadian coasts. Population levels were minimal during July and August 
(Fig. 23E-F) but the species became more abundant again in October and November 
(Fig. 23G-H) particularly at stations in the Saginaw Bay interface waters and 
nearshore stations. 
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Nitzschia dissipata 

This is another member of the genus that is unusually widely distributed 
and abundant in plankton collections from the Great Lakes* In southern Lake 
Huron maximum population densities were reached during May (Fig. 24A-B) when 
this taxon was present at most stations sampled. During June (Fig. 24C-D), 
population levels declined, particularly at stations in the Saginaw Bay 
interface waters. Minimum population levels were reached during July 
(Fig. 24E), when the species was noted at only a few nearshore stations. It 
increased again slightly in August (Fig. 24F) when sizeable populations were 
noted at several inshore stations along the Michigan and Canadian coasts of 
southern Lake Huron. The taxon was more generally distributed in October 
(Fig. 24G) although population densities were somewhat smaller than in the 
previous month. Population densities declined again in November (Fig. 24H) 
when only small populations were found at scattered stations. Unlike the 
previous month, during November maximum population densities were found at 
stations in the Saginaw Bay interface waters. 

Rhizosolenia eriensis 

This species was originally described from the Laurentian Great Lakes and 
is one of the characteristic offshore dominants. It is generally abundant in 
the offshore plankton of the upper lakes in winter and early spring, but is 
apparently excluded from areas which have undergone extreme eutrophication 
(Hohn, 1969). It was present at all stations sampled during May (Fig. 25A-B) 
and increased in abundance during the course of the month. The increase in 
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population density continued during June (Fig, 25C-D) at offshore stations, but 
it began to decline in abundance at stations in the Saginaw Bay interface 
waters, and was absent from several stations in this area by late June, 
Populations collapsed during July (Fig. 25E) and remained at low levels during 
August (Fig. 25F). Although population densities were low, this species 
occurred at a number of stations in the Saginaw Bay interface waters and 
southward along the Michigan coast in October (Fig. 25G) and appeared to spread 
southward into the offshore waters of Lake Huron during November (Fig. 25H). 

Rhizosolenia gracilis 

This species was also originally described from the Laurentian Great Lakes 
and appears to have growth requirements similar to those of R. eriensis . It, 
however, appears to be somewhat more tolerant of eutrophic conditions and is 
more often reported from small eutrophic lakes. It was present at all stations 
sampled during May (Fig. 26A-B) and increased during the course of the month, 
particularly at stations in the Saginaw Ray interface waters and nearshore 
stations along both the Michigan and Canadian coasts. The trend toward 
increased abundance continued at offshore stations sampled during June 
(Fig. 26C-D), although it was reduced in abundance at stations in the Saginaw 
Bay interface waters early in the month and absent from a few of these stations 
by the late June sampling cruise. Population densities declined drastically 
during July (Fig. 26E) and the species was absent from all except a few 
stations in the Saginaw Bay interface waters and along the Canadian coast 
during the August (Fig. 26F) sampling period. Small populations were 
maintained at stations in the Saginaw Bay interface during October and November 
(Fig. 26G-H) and occasional isolated occurrences were noted at offshore 
stations. 

Stephanodiscus alpinus 

This species is a common minor component of phytoplankton assemblages in 
the upper Great Lakes. It appears to be favored by low levels of 
eutrophication but is not tolerant of extreme levels of perturbation. Although 
it was present at many stations sampled during early May (Fig. 27A) its 
distribution pattern was dominated by a massive bloom at station 57 near Port 
Albert. It was also present at most stations sampled during mid-May (Fig. 27B) 
with highest population densities occurring in Saginaw Bay interface waters and 
particularly at nearshore stations along the Canadian coast. Population 
densities declined during June (Fig. 27C-D) but it was noted at a few scattered 
stations. Only isolated occurrences were noted during July (Fig. 27E) and 
August (Fig. 27F). It increased somewhat during October (Fig. 27G) and 
November (Fig. 27H) with most occurrences in the Saginaw Bay interface waters 
and at stations southward along the Michigan coast. 

Stephnnodiscus binderanus 

This species was apparently not a part of the indigenous phytoplankton 
flora of the Laurentian Great Lakes, but has been introduced following 
eutrophication and is now a dominant element of phytoplankton assemblages in 
highly disturbed areas (Hohn, 1969; Stoermer and Yang, 1969). It apparently 
has a restricted temperature tolerance (Stoermer and Ladewski, 1976) and 
usually reaches its maximum abundance during the spring thermal bar period 
(Nalewajko, 1967; Loriface and Munawar, 1974). It may reach very high 
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population densities during the spring bloom, and can become a serious nuisance 
at municipal filtration plants (Vaughn, 1961), In the upper Great Lakes its 
distribution is largely restricted to eutrophied bays and nearshore areas, but 
it is abundant in the offshore waters of Lake Erie (Hohn, 1969) and Lake 
Ontario (Stoermer *£, £i. , 1974) as a result of advanced eutrophication. In 
southern Lake Huron only a few occurrences were noted in the early May samples 
(Fig. 28A), but it was abundant in samples from the Saginaw Bay interface 
waters taken during mid-May (Fig, 28B). As is characteristic of this species, 
maximum population densities were found at nearshore stations , Population 
densities had been markedly reduced by the time the early June samples were 
taken (Fig. 28C) f and by late June (Fig. 28D), only a few small isolated 
populations were found. Although a few specimens were noted in fall samples, 
this species was never a significant part of the flora during the rest of the 
study. 

This species is a common element of phytoplankton assemblages in 
mesotrophic to eutrophic lakes. It is apparently able to respond rapidly to 
increased nutrient supply and often forms blooms in areas which are 
significantly enriched. It was present in most of our early May samples from 
southern Lake Huron but reached very high population densities only at station 
57 (Fig. 29A). During mid-May (Fig. 29B) very high population densities were 
again noted at stations along the Canadian coast and it remained fairly 
abundant at stations in the Saginaw Bay interface waters and at other nearshore 
stations, although population densities were somewhat reduced at offshore 
stations. Populations of this species collapsed during June (Fig. 29C-D) and 
although isolated specimens were found in a few samples, it was not found in 
abundance during the rest of the study. 

Stephanodiscus minutus 

This species is a common element of phytoplankton assemblages in 
mesotrophic to eutrophic lakes, and often forms winter blooms in large 
eutrophic lakes (Huber-Pestalozzi, 1942). This taxon is often found in 
collections from the upper Great Lakes but is generally abundant only in areas 
which receive elevated nutrient input. Like St^ghar?9<3;L£<?utf hgmggqhn it 
responds rapidly to nutrient enrichment (Stoermer, Ladewski, and Schelske, 
1978) but is not tolerant of gross pollution. During early May (Fig. 30A) it 
was present at most stations sampled in southern Lake Huron, but markedly more 
abundant at nearshore stations along the Canadian coast. During mid-May 
(Fig. 30B) high population densities of this species were maintained at 
nearshore stations along the Canadian coast, but had begun to decline 
particularly at stations in the Saginaw Bay interface waters and nearshore 
stations along the Michigan coast. Population densities declined and the 
distribution of the species became more erratic during June (Figs, 30C-D); 
populations had collapsed by the time the mid-July samples were taken 
(Fig, 30E), Only a few isolated examples of this species were found in samples 
taken during August (Fig. 30F) but it became more abundant and widely 
distributed in the October and November samples (Figs. 30G-H) , although it 
never approached spring population densities. 
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Stephanodiscus subtilis 

This species is rarely reported in the literature and its ecological 
affinities are poorly known. It is abundant and widely distributed in Lake 
Ontario (Stoermer et al.,,1974). In Lake Michigan (Stoermer and Yang, 1970) 
its distribution appears to be restricted almost entirely to harbor entrances 
and eutrophied nearshore areas. Its distribution in southern Lake Huron is 
highly unusual in that although it was present during all sampling cruises 
(Figs. 31A-H), its distribution was almost entirely restricted to nearshore 
stations along the Canadian coast. These populations may, in fact, be derived 
from riverine habitats. The only exceptions to this were a few very small 
populations noted at stations of the Saginaw Bay interface water collected 
during late June and November. 

Synedra filiformis 

This species is one of the characteristic forms of the offshore 
phytoplankton flora of the upper Great Lakes. In southern Lake Huron, large 
and remarkably uniform populations were found at all stations sampled during 
May (Figs. 32A-B). Populations remained high at offshore stations sampled 
during June (Figs. 32C-D); however, population densities were reduced at 
stations sampled in the Saginaw Bay interface waters during early June. By 
late June, this species was absent from several stations in the Saginaw Bay 
interface waters and south along the Michigan coast. Abundance of this species 
was at a minimum during the July sampling period (Fig. 32E), but by August 
(Fig. 32F) it had again become abundant at stations in the northerly sector 
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of the Saginaw Bay interface waters. It remained abundant at some stations in 
the Saginaw Bay interface waters during October (Fig. 32G) and appeared to 
spread southward at stations along the Michigan coast. This trend continued 
during November (Fig. 32H) and there was a small increase in population 
densities of this species at offshore stations although it did not approach 
abundances present in the spring samples. 

SYn?tira Qgtenfgltiil 

Although this colonial species is not as abundant as Svnedra filiform^s . 
its areal and temporal distribution in southern Lake Huron are quite similar. 
It was present at most stations sampled during May (Figs. 33A-B) , with highest 
population densities occurring in stations in the northerly sector of the 
Saginaw Bay interface waters. During June (Figs. 33C-D), populations began to 
decline, particularly at stations in the Saginaw Bay interface, and by late 
June it was absent from several stations in this area and southward along the 
Michigan coast. Population densities of this species remained low during the 
rest of the study (Fig. 33E-K), with most occurrences noted in the Saginaw Bay 
interface waters and at stations southerly along the Michigan coast. 

Tabellaria fenestrate 

This species is one of the eurytopic plankton dominants which are common 
to abundant throughout the Great Lakes system. In southern Lake Huron, it was 
present in all samples taken during early May (Fig. 34A), and population levels 
increased by the time the mid-May samples were taken (Fig. 3MB). Populatic-s 
remained high in early June (Fig. 34C) but began to decline in late June 
(Fig. 34D) and had collapsed by the time July (Fig. 3ME) samples were taken. 
Population levels were at a minimum during the August sampling cruise 
(Fig. 34F) except at station 6 where this species was fairly abundant, perhaps 
as a result of upwelling. There was a slight increase in abundance of this 
species during October and November (Figs. 3**G-H), although its abundance did 
not approach spring levels. 

TateUafoft flQCCUloga var. linearis 

This species was present at most stations sampled during early May 
(Fig. 35A) and peak population densities were found at nearshore stations north 
of Saginaw Bay. Increased abundance was noted in the mid-May samples 
(Fig. 35B) and peak abundance occurred during June (Figs. 35C-D). As was the 
case with X. fenestra U abundance of this species declined during July and 
August (Figs. 35E-F), but unlike that species occasional abundant occurrences 
were noted, particularly at nearshore stations. Population densities increased 
during October and November (Fig. 35G-H) particularly at stations in the 
Saginaw Bay interface waters and southward along the Michigan coast. Fall 
abundance of this species however did not approach the levels found in the 
spring samples. 
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Chlorophyta 

The green algal flora of southern Lake Huron is more extensive and diverse 
than most regions of the upper Great Lakes and appears to be dominated by 
species which originate in Saginaw Bay. Green algae are relatively rare in 
samples taken in early May (Fig. 36A) but fairly high population densities are 
present in mid-May samples (Fig. 36B) from the Saginaw Bay interface waters and 
stations southward along the Michigan coast. The number of green algae present 
in samples from the Saginaw Bay interface further increases in early June 
(Fig. 36C) and these populations appear to encroach further into the offshore 
waters from Lake Huron. Abundance of green algae decreases slightly in late 
June (Fig. 36D) but appreciable populations were still present in the Saginaw 
Bay interface waters and southward along the Michigan coast. A large increase 
from this group is noted in the July samples (Fig. 36E) with maximum abundance 
in the southern sector of the Saginaw Bay interface waters. In August 
(Fig. 36F), unlike the previous month, maximum green algal abundance is found 
in stations in the northerly sector of the Saginaw Bay interface waters. Also 
during this month, this group reaches its maximum abundance at stations in the 
offshore waters of Lake Huron. The green algae remain abundant in October 
(Fig. 36G) and November (Fig. 36H) samples, with maximum abundance in both 
months being found in the southerly part of the Saginaw Bay interface and 
southward along the Michigan coast. 

Green Filament Number 5 (Gloeotilia sp.?)- 

This entity is of uncertain systematic position. It rather closely 
resembles the genus Gloeotilia (Skuja, 1956) but we have been unable to 
identify it with certainty. Although the individual plants are very small, it 
sometimes occurs in very large numbers in Saginaw Bay and the adjacent waters 
of Lake Huron. Its ecological affinities are entirely unknown, although 
morphologically similar entities occur in Lake Erie and in certain areas of 
Lake Ontario. It was present in relatively low abundance in early May samples 
(Fig. 37A) with maximum abundance at nearshore stations along the Michigan 
coast. By mid-May (Fig. 37B) it reached high population densities at stations 
in the southerly part of the Saginaw Bay interface and south along the Michigan 
coast. Smaller populations were also found at a number of offshore sent: ions* 
in early June (Fig. 37C) this species was abundant at the inner line of 
stations in the Saginaw Bay interface, and was fairly abundant at nearshore 
stations southward along the Michigan coast. It was also fairly widely 
distributed at stations along the Canadian shoreline, but in considerably lower 
abundance. This entity appeared to decline in abundance in late June 
(Fig. 37D) but reached very high population densities at stations in the 
southerly segment of the Saginaw Bay interface during July (Fig. 37E). During 
this month however it was rarely noted in samples from offshore stations.. 
Unlike the previous month, this entity was most abundant at stations in the 
northerly sector of the Saginaw Bay interface during August (Fig. 37F) and 
during this sampling period it was absent from most stations south of Saginaw 
Bay. Population densities remained high during October (Fig. 37G) and November 
(Fig. 37H). During both months largest populations were found at stations in 
the southerly sector of the Saginaw Bay interface and southward along the 
Michigan coast. During November, significant populations were again found at . 
certain off3hore 3tation3. 
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AnKigtrpflesnvig sp. 

This species is unusual among the green algae, in that significant 
populations were found at scattered stations in the offshore waters of Lake 
Huron throughout the period of this study (Fig. 38A-H). It increases slightly 
in abundance throughout the spring and summer, reaching maximum population 
densities in the offshore waters during August. Abundance tends to decline 
during October and November but, as in the previous months, no particular 
pattern of areal distribution is evident. 

Chptiatella <?iUata 

This species is a common element of phytoplankton assemblages in 
meso trophic to eutrophic lakes. Occasional individuals are found in plankton 
collections from all areas of the Laurentian Great Lakes, but it reaches 
significant abundance only in areas which have been enriched. Unlike the 
species discussed previously, the areal and temporal distribution of £.. ciliata 
in southern Lake Huron is extremely restricted. It was not noted in 
collections taken during May and June, but was present at stations in the 
Saginaw Bay interface and southward along the Michigan coast in July 
(Fig. 39A). These populations apparently collapsed and only isolated 
occurrences were noted during the August and October cruises (Fig. 39B-C). 

CQ5lastrMB nigropoHM 

This species is a common element of phytoplankton assemblages in 
mesotrophic to eutrophic lakes. In the Laurentian Great Lakes it is usually 
found in significant abundance only in eutrophic areas. In southern Lake Huron 
it was entirely absent from early May samples, but isolated occurrences were 
noted at stations in the Saginaw Bay interface waters during mid-May and early 
June (Fig. 4QA-B) . In late June (Fig. 40C) , it was relatively abundant at 
stations in the southerly sector of the interface waters, and extended to a few 
stations in the offshore waters of Lake Huron. In July (Fig. 40D) , the species 
was entirely limited to stations in the Saginaw Bay interface. It was absent 
from August samples, but occurred again during the October sampling period 
(Fig. 40E), but again only at stations in the Saginaw Bay interface. It was 
also present during November (Fig. 4QF) at scattered stations in the Saginaw 
Bay interface and along the U.S. and Canadian coasts. 

CrusiK?rua quadra ta 

This species is usually a minor component of summer phytoplankton 
assemblages in the upper Great Lakes. In southern Lake Huron only scattered 
populations were noted during the May, June and July sampling cruises (Fig. 
41A-D). During August (Fig. 41E) the abundance of this species increased 
considerably, although its distribution remained erratic. Highest population 
densities were found at offshore stations in the northerly sector of our 
sampling array. Population densities again declined during the October 
sampling cruise (Fig. 41F) and this species was absent from a majority of the 
stations sampled. The decline apparently continued into November (Fig. 41G) 
although isolated populations were still found, particularly at nearshore 
stations. 
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glpeQQYstiLa Plan<?tQni<?a 

Similar to the species previously discussed, £. planctopica reached its 
highest abundance in the summer phytoplankton assemblages in the upper Great 
Lakes . It, however, tends to be more abundant, particularly in areas which 
have been enriched. In southern Lake Huron, only very small populations were 
found during the early and mid-May sampling periods (Fig. 42A-B) and most 
occurrences were noted in the Saginaw Bay interface waters and at nearshore 
stations. During June (Fig. 42C-D), this species became more generally 
distributed and more abundant particularly at stations in the southerly sector 
of the Saginaw Bay interface and stations southward along the Michigan coast. 
A similar distribution pattern was noted during the July cruise (Fig. 42E), 
although population densities continued to increase and the species became more 
generally distributed at offshore stations. Similar to the other coccoid green 
algae, this species reached its maximum abundance during August (Fig. 42F) when 
it was present in appreciable abundance at nearly all stations sampled. During 
this cruise, unlike the other sampling cruises, maximum population densities 
were found at offshore stations in the northerly and easterly sectors of the 
sampling array. By October (Fig. 42G), population densities were considerably 
reduced and maximum abundance was again found at nearshore stations, 
particularly near Saginaw Bay and southerly along the Michigan coast. This 
decline continued into November (Fig. 42H) , when only scattered minor 
populations were found. 
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We have been unable to make a satisfactory specific identification of this 
entity due to the total lack of sexually mature material. It, or 
morphologically very similar entities, are very abundant in western Lake Erie 
and certain areas of Lake Ontario. In southern Lake Huron, it was very 
uncommon during the May sampling cruises (Fig* 43A-B) , although small 
populations were noted at a few scattered stations. During early June (Fig. 
43C) , populations were noted at stations in the Saginaw Bay interface and at a 
number of nearshore stations around the basin. Highest population densities 
were found in the southerly sector of the Saginaw Bay interface waters. By 
mid-June (Fig. 43D) population densities had increased slightly at stations in 
the Saginaw Bay interface, particularly in the southern sector, but the species 
was absent from other stations sampled. A similar pattern was noted during the 
July sampling (Fig. 43E), although the species was again found at a few 
nearshore stations along the Michigan coast. In August (Fig. 43F), Mougeotia 
sp. was again relatively abundant in the Saginaw Bay interface waters, but 
unlike the previous months, highest population densities were found at stations 
north of the bay. This species had undergone a considerable increase in 
abundance by the time the October samples were taken (Fig. 43G), and high 
population densities were found at stations in the southerly sector of the 
Saginaw Bay interface and at stations southward along the Michigan coast. A 
similar pattern was noted during the November cruise (Fig. 43H), although the 
distribution of this entity had become somewhat more widespread and erratic. 
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QgQYStlg spp. 

Members of this genus are common minor components of summer assemblages in 
the offshore waters of the Laurentian Great Lakes; however, they generally 
reach maximum abundance under slightly eutrophied conditions. In southern Lake 
Huron, Qocvstis was rare during the early May sampling period (Fig, 44A) with 
only a few small populations being noted at stations in the Saginaw Bay 
interface waters* By mid-May (Fig. 44B)., population levels had increased and 
Qocvstis was present in significant abundance at stations outside the thermal 
bar along both Michigan and Canadian coasts, and at a few stations in the 
Saginaw Bay interface. During June (Fig. 44C-D), Qocvstis continued to 
increase in abundance, particularly at stations in the Saginaw Bay interface 
and southward a3.ong the Michigan coast, although significant populations were 
also found at scattered offshore stations. Its abundance continued to increase 
during July (Fig. 44E) and August (Fig. 44F) , with highest population densities 
being found at stations in the Saginaw Bay interface waters. The genus reached 
its maximum abundance during the October sampling period (Fig. 44G) when 
significant populations were found at nearly all. stations sampled. By November 
(Fig. 44H), population densities were somewhat reduced, and its distribution 
had become somewhat more erratic. 

This species is generally rare in the offshore waters of the upper Great 
Lakes, but may become very abundant in Lake Erie and Lake Ontario (Stoermer *£. 
al.. 1974). In southern Lake Huron, its distribution was largely restricted to 
a few stations in the Saginaw Bay interface waters during May and early June 
(Fig. 45A-C). Somewhat increased abundances were noted during the late June 
sampling cruise (Fig. 45D) but populations were again reduced by July (Fig. 
45E) and had increased only slightly by the time the August samples were taken 
(Fig. 45F). £. Quadricauda reached its highest abundance during October (Fig. 
45G), when large populations were found in the southerly sector of the Saginaw 
Bay interface water southward along the Michigan coast, and at a few stations 
in the southern part of the lake. Population levels were again reduced by the 
time the November samples were taken (Fig. 45H) , although the species was still 
present at a few stations of the Saginaw Bay interface waters southward along 
the Michigan coast, 

SUw*a»<r r Mfl parattoxwa 

Although many members of this genus are restricted to nutrient-poor or 
dystrophic waters, £. p^r adoxum generally reaches its highest abundance in 
eutrophic areas. In the Great Lakes, it is relatively abundant in Lake Erie 
(Vollenweider ££. al. t 1974) and in Lake Ontario (Stoermer *£ £l. , 1974). 
Although it usually does not reach large population densities, it may 
contribute a significant fraction of the biomass of phytoplankton assemblages 
because of its very large cell volume (Stoermer and Ladewski, 1978). In 
southern Lake Huron, first occurrences were noted in early June (Fig. 46A) at 
the inner line of stations in the Saginaw Bay interface. By late June (Fig. 
46B) , relatively large populations were found in stations in the southerly 
sector of the Saginaw Bay interface and at a few stations southward along the 
Michigan coast. Fewer occurrences were noted during the July sampling (Fig. 
46C), when it was again restricted to stations near the Saginaw Bay interface 
and southerly along the Michigan coast. Unlike the previous month, during the 
August sampling period (Fig. 46D) the only populations noted were found at 



188 



ERST TAMR3 




bgooough 



28 APR - 3 MflY 74 



HUMN 




ttGOOOIICH 



14-17 MflY 74 



HUMN 



0Q9PF 



Figure 44. Di3tribution of Oocyst!* 3pp.. 
(continued) 



189 




14-8 JUN 74 



*GOB0IICH 



009PP 




17-21 JUN 74 ^ __ 

HURON 

Figure 44. (continued) 



190 




17-22 JUL 74 



009PP 




JtGOOOUCH 



26-31 RUG 74 ^^ 

" HURON 

Figure 44. (continued) 



005TF 



191 



SOT TMftS 




8-12 OCT 74 



0Q9PP 




Figure 44. (continued) 
192 



EAST TAMPS 




SGQOGUQl 



28 APR - 3 MAY 74 



IT HURON 



SCOJACRI 




HGOOCAIGH 



14-17 MAT 74 



IT HURON 



SCQUAQAJ 



Figure 45. Distribution of Scenedeamua 

(continued) 



193 




4-8 JUN 7U 



ll MUftON 



SCQUBOftl 



ERST TRHflS 




17-21 JUN 74 



IT HURON 



SCQUflDftI 



Figure 45. (continued) 
194 




17-22 JUL 74 



IT HURON 



SCQUAORI 




26-31 AUG 74 



ttGOOEAICH 



HURON 

Figure 45. (continued) 



SCOUflOW 



195 




8-12 OCT 74 



TtGOOERICH 



SCQURQRI 




10-14 NOV 74 

~A7 HURON 

Figure 45. (continued) 



SCQUftttI 



196 




4-8 JUN 74 




17-21 JUN 74 



Figure U6 . Distribution of Staurantr^ m 
paradoxum . (contiued) 



SHrnRfl 



197 



ERST TfiHRS 




17-22 JUL 74 



BGOOBUCH 



Jill ivin 




26-31 RUG 74 s _ 

" HURON 

Figure 46. (continued) 



198 



stations in the northerly sector of the Saginaw Bay interface waters. During 
October (Fig. 46E) , most occurrences were found at 3tation3 in the southerly 
part of the Saginaw Bay interface and southward along the Michigan coast 
although isolated occurrences were found north of Saginaw Bay and at one 
station in the offshore waters of southern Lake Huron. Abundance was reduced 
by November (Fig. 46F) , although the species occurred at a few stations in the 
Saginaw Bay interface. 

Tetraedron minimum 

Thi3 3pecie3 is occasionally found in offshore 3ummer phytoplankton 
assemblages in the upper Great Lakes, but is generally more abundant in areas 
that are 3omewhat eutrophied. In southern Lake Huron, it wa3 first noted in 
mid-May (Fig. 47A) at a single station in the southern part of the Saginaw Bay 
interface waters. By early June (Fig. 47B) , it was present at mo3t stations in 
the Saginaw Bay interface and isolated occurrences were noted along the 
Michigan coa3t. It appeared to decline in abundance by late June (Fig. 47C) , 
although populations were still found in scattered stations in the Saginaw Bay 
interface water3 and southward along the Michigan coa3t. It had again 
increased in abundance by the time mid-July (Fig. 47D) samples were taken. 
Maximum abundance wa3 found in the southerly sector of the Saginaw Bay 
interface waters, although occasional populations were found in stations 
southerly along the Michigan coast. Unlike previous months, I. minimum was 
found in 3everal of the July samples taken along the Canadian coast. During 
August (Fig. 47E), only a few occurrences were noted at stations in the Saginaw 
Bay interface waters and the species remained relatively rare during October 
(Fig. 47F) and November (Fig. 47G) although populations were still found at 
stations in the Saginaw Bay interface waters and occasionally at near3hore 
3tation3 in the main body of Lake Huron. 

Cyanophyta 

The abundance of blue-green algae is sometimes looked upon a3 a rough 
index of eutrophication. The situation in southern Lake Huron i3 somewhat 
confounded by the fact that the blue-green algal flora is a mixture of very 
highly eutrophication-tolerant form3 derived from Saginaw Bay and lean 
eutrophication- tolerant species which flourish in the open water3 of the lake, 
particularly during period3 of silica limitation. During early May (Fig. 48A), 
blue-green algae were practically absent from the stations sampled in southern 
Lake Huron. By mid-May (Fig. 48B) , however, significant numbers were found at 
a few stations in the southerly sector of the Saginaw Bay interface waters. 
Blue-green abundance increased slightly in early June (Fig. 48C) , but 
distribution was largely restricted to stations in the Saginaw Bay interface. 
By late June (Fig. 48D) , populations had- spread to a number of stations along 
the Michigan coast and a few stations along the Canadian coast. In mid-July 
(Fig. 48E), the blue-green algae were again largely restricted to stations in 
the Saginaw Bay interface and southward along the Michigan coa3t. This 
situation changed significantly in Augu3t (Fig. 48F) , when very large 
populations were found in the Saginaw Bay interface waters and smaller 
populations were found at mo3t 3tation3 sampled throughout the lake. The 
blue-green algae were most abundant in southern Lake Huron during the October 
sampling period (Fig. 48G) . Very high population densities were found in the 
southerly sector of the Saginaw Bay interface, and significant populations 
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were found at most stations sampled throughout the lake* By November (Fig, 
48H) , blue-green algal abundance wa3 reduced; however, significant populations 
were still found at mo3t stations sampled. 

Anabaena flos-aguae 

This species is a common minor component of phytoplankton assemblages in 
the upper Great Lakes, and generally reaches very high abundance only in areas 
which have been significantly eutrophied. Estimates of its distribution are 
somewhat confounded by the fact that it i3 a ga3-vacuole-forming species and 
often develops in very patchy surface blooms. In southern Lake Huron, it was 
fir3t noted during the early June sampling cruise (Fig. 49A) when small 
populations were found at most of the inner stations in the Saginaw Bay 
interface, and a large bloom wa3 found at station 49. By late June (Fig. 49B) , 
this species was abundant at several stations in the southerly sector of the 
Saginaw Bay interface and southward along the Michigan coast. Abundance wa3 
reduced in the July samples (Fig. 49C) , and only small populations were found 
at a few stations in the Saginaw Bay interface. In August (Fig. 49D) , a large 
bloom occurred at station 48 and smaller populations were found in the Saginaw 
Bay interface and at a few stations in the southeastern sector of the lake 
along the Canadian coast. During October (Fig. 49E), abundance of this species 
was reduced and distribution was erratic; by November (Fig. 49F) , it was 
essentially absent from southern Lake Huron. Thi3 3pecie3 is macroscopic and 
readily observable in the surface waters of the column. It possibly could be 
U3ed to visually trace the transport of water from the bay. In an ancillary 
3tudy, we found amounts in the 1 m samples in excess of four times those of the 
5-m 3ample3, demonstrating the species* buoyancy, and its preference for 
surface waters. 
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Anabaena subcylindrica 

The distribution and autecology of this species is very poorly known. 
However, it has been particularly associated with water masses derived from 
Saginaw Bay (Schelske et al. , 1974). In our samples, it was present in very 
limited abundance during May (Fig. 50A-B) , and only slightly more abundant 
(although more widely distributed) during early June (Fig. 50C). In July (Fig. 
50D), it was present in high abundance at a few stations in the southern sector 
of the Saginaw Bay interface waters. It was almost equally abundant in August 
(Fig. 50E), but its highest population densities were found at stations in the 
northern sector of the Saginaw Bay interface and northward along the Michigan 
coast. Populations of this species were considerably reduced by the time the 
October (Fig. 50F) samples were taken; it was essentially absent from samples 
taken after this date. 

Anacystis cyanea 

This species is one of the blue-green algae capable of forming the 
classical nuisance blooms often found in small eutrophic lakes. In the 
Laurentian Great Lakes, it is rare except in areas which have been highly 
disturbed. Its distribution in southern Lake Huron is very limited, largely 
restricted to areas directly affected by the outflow from Saginaw Bay. In 
July, a large population was found at station 40 (Fig. 51A), and in August a 
large population was found at station 37 (Fig. 51B). During both of these 
months, other occurrences were small and limited to stations in the Saginaw Bay 
interface. Maximum abundance of this species in southern Lake Huron occurred 
during October (Fig. 51C). It was present in highest abundance at several 
stations in the southerly sector of the Saginaw Bay interface during that 
month. By November (Fig. 51D), its distribution was restricted to only two 
stations, again in the southerly sector of the Saginaw Bay interface waters. 

Anacystis incerta 

Unlike A. cyanea , this species is not particularly uncommon in the 
offshore waters of the Great Lakes and may be quite abundant in areas that have 
been significantly disturbed. Although reported as capable of forming nuisance 
blooms (Drouet and Daily, 1956), it has not been observed to do so in the Great 
Lakes. Its seasonal pattern is somewhat unusual for a blue-green alga, in that 
it generally reaches peak abundance late in the fall, with significant 
populations surviving into the winter months (Stoermer et al. , 1974). In 
southern Lake Huron, isolated populations were found in mid-May, early June, 
and late June (Fig. 52A-C) , but it was absent from July samples (Fig. 52D). 
Several large and erratically distributed populations were noted during the 
August sampling (Fig. 52E), and the species reached its peak abundance during 
October (Fig. 52F) when significant populations were present at most stations 
sampled. Abundance was somewhat reduced in the November samples (Fig. 52G), 
although it was still present in significant abundance at a number of stations. 

Anacystis thermalis 

This species is a common minor element of phytoplankton assemblages in 
mesotrophic to marginally eutrophic lakes. It is often quite abundant in 
regions of the Great Lakes that have been sufficiently eutrophied to induce 
silica limitation, but is generally not a dominant element of the flora in 
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Tr.HT S ? l } Ch , h * V I b6Sn gr ° SSly P erturbe <*« In southern Lake Huron, only 

cruise^lF r 55! Dr^ 3 ^ 0118 / 6 " '?"* dUrin8 the " ld ^. June -^July 
ItTtilL *\ 1 ^ ? U ^ ng AugUSt (Fig ' 53E) » ic was P^sent at most 
in?lrf™ "fj ' and abundant at several stations north of the Saginaw Bay 
interface. It reached its maximum abundance during October (Fig. 53F) when 
significant populations were present at most stations sampled throughout the 

^ies^r a t:Ln f (F^ S s'SwE* ^ "^ * ^ <** ^ ~- 
*<uu P xes were caicen (Fig. 53G), although it was still present at the m pw^ v ^ 

Aphanizomenon flos-aquae 

This species is a primary contributor to nuisance blue-ereen aleal hi™-,, 
in highly eutrophic environments. In the Laurentian Great iJkes itf 
dxs rxbutxon is restricted to highly disturbed areas. In southern Lake Huron 

e"i y ITlll 7 We " f° Und / n the SaglnilW ** interface waters duiinj thT ' 
early and late June cruises (Fia. S4A-B"> Rv i-v.*, «--»,»^ t 1 , 
fi?-t„ «;/./*\ 1 „ «**»«» v.rxg. jfA a;, ay the time July samples were taken 
(Fig. 54C), population densities had increased somewhat at stations in rho 
southerly sector of the Saginaw Bay interface waters Evan M*w .£ 5 
was found during the August cruise (Fig. 54^ however It thif tLf 
abundance occurred at stations in a northerly ' sec tor of the Saginlw B '™ M 
interface. Maximum abundance of this species" occurred d^ring^ne Lg^s't cruise 
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(Fig. 54E) when large populations were present in samples in the southerly 
«I C ? r °f* ! Saginaw ^y interface waters and southward along the Michigan 
tllliL Abundance of A- flog-SQ^* had declined significantly by the time the 

ll t?flL 3 r?ll*l Ver * U ?" (Fig ' 54FK Sma11 P°P^ions wereVound, however, 
at offshore stations as far east as Station 11, apparently as a result of 
dispersion of thi3 organism from Saginaw Bay. 

Gomphonnhflgr-ffl lacustri * 

m p^Joi^ 3P r ie ?/?.f COnm ° n com P° nent of summer phytoplankton assemblages in 
mesotrophic to slightly eutrophic lakes. It commonly occurs in the offshore 

abundL? f - th€ Laurent ^ <* eat La *«* ^ low abundance and may become quUe 
abundant in regions where silica has been depleted during summer 

h^-k 1 ?* ?' . Ifc l3 QUite aoundant in southern Lake Huron, although its 
Jif-Sv 1 ? " temp ? rally and s Patially erratic. It was first detected during 
2JJ££ T 3amP i in f Crui3e (Fi «« 55A) at a few stations in the Saginaw Bay 
interface waters. In late June (Fig. 55B) , it was abundant at a few stations 

outsJde ?he theL 3 i C b° r °f the h Sa * inaw ^ int erface and at isolated sUtl 
were flun* \t VT bar al0ng °oth the U.S. and Canadian coasts. Populations 
Hit «r? // 6W statlon3 nea ^ the Saginaw Bay interface during both July 

flund l?l "" AUgU3t i F±6 ' 55D); dUrin « Ausust ' -^1 Population were also 
found at several nearshore stations along the Michigan coast and in the 
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southern sector of the lake. This species was present in increased abundance 
during the October sampling period (Fig. 55E) and, unlike the previous month, 
it was present in significant abundance at a number of stations in the offshore 
waters of southern Lake Huron. This trend continued in November (Fig. 55F) 
when significant populations were present at a majority of the stations sampled. 

Q?Qillatorla torn«m 

The autecology and distribution of this species is very poorly known. 
While it is widely distributed in the upper Great Lakes, it is rarely present 
in abundance. In Lake Michigan, maximum abundance of this species occurs at 
thermocline depth during summer stratification; however, it is often rare or 
absent in the surface waters. In southern Lake Huron, occasional small 
populations of the 3pecie3 were found in samples from early May through late 
June (Fig. 56A-D) with a slight trend towards increasing abundance throughout 
this period. Populations apparently collapsed in the surface waters of 
southern Lake Huron during July and August (Fig. 56E-F) and only isolated small 
populations were found at a few nearshore stations. This species was again 
widely distributed in the October samples (Fig. 56G) with maximum abundance 
occurring at stations 63 and 64 in the extreme southern part of the lake. 
Relatively small populations were found throughout the area sampled during the 
November cruise (Fig. 56H) , with no apparent pattern to their distribution. 

Qgclllatwla retail 

This species usually grows in eutrophic environments and has rarely been 
reported from the upper Great Lakes. In southern Lake Huron, it first appeared 
in our mid-May samples (Fig. 57A) from the Saginaw Bay interface waters and 
southward along the Michigan coast. By early June (Fig. 57B) large populations 
were present at the inner line of stations in §aginaw Bay and small populations 
were present in most stations southward along the Michigan coast and eastward 
into the lake as far a3 3tation3 54 and 60. By mid-June (Fig. 57C), average 
abundance of thi3 species had declined somewhat in the Saginaw Bay interface; 
it wa3 not found in the open lake stations that it had occupied the previous 
month, although it was still present in nearshore stations north of Harbor 
Beach. It3 abundance wa3 further restricted in July (Fig. 57D) when abundant 
occurrences were limited to stations in the southerly sector of the Saginaw Bay 
interface. In August, a3 was the case with many eutrophication tolerant taxa, 
highest populations of £. retzii were found in the northerly sector of the 
Saginaw Bay interface waters. In October (Fig. 57F) abundant occurrences were 
restricted to a few stations in the southerly part of Saginaw Bay interface, 
even though small populations were found at 3tation3 3outh along the Michigan 
coast, and at a number of offshore stations. By November (Fig. 57G) , abundance 
of th±3 species wa3 greatly reduced, with only a few 3mall populations found in 
3ample3 from the Saginaw Bay interface waters. 

Filamentous Blue-Green Algae 

Since the filamentous form3 of blue-green algae perhaps have the greatest 
potential for producing nuisance conditions, we have plotted the composite 
abundance of form3 described previously, plu3 the occurrences of several taxa 
of minor abundance. During early May (Fig. 58A) , thi3 group was of very minor 
importance in southern Lake Huron where only occasional specimens were noted. 
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Figure 57. Distribution of Oscillator^ rntzli . 
(continued) 
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Figure 57. (continued) 

By mid-May (Fig. 58B) , significant populations were found at stations in the 
south part of the Saginaw Bay interface waters, and small populations were 
dispersed southward along the Michigan coast. During June (Fig. 58C-D), 
members of this group were present at most stations in the Saginaw Bay 
interface waters, but their dispersion into the open lake wa3 limited largely 
to stations near the U.S. coast north of Harbor Beach. Somewhat surprisingly, 
the distribution of these organisms wa3 even more limited in July (Fig. 58E) 
than it had been in the previous month. In August (Fig. 58F) , unlike all other 
months, maximum abundance of filamentous blue-green algae occurred at stations 
in the northern part of the Saginaw Bay interface waters, and populations 
appeared to be dispersed northward along the Michigan coa3t. These 3pecie3 
reached their maximum abundance in October (Fig. 58G) , when they were very 
abundant in the southerly sector of the Saginaw Bay interface and southward 
along the Michigan coast as far as station 13, and present at detectable levels 
as far 3outh a3 stations 63 and 64 above Port Huron. During November (Fig. 
58H), the abundance of this group declined, although 3mall populations were 
widely dispersed in the offshore waters, occurring as far east as stations 11 
and 55. 

Chrysophyta 

In southern Lake Huron, this group i3 represeted mostly by flagellate 
forms, the majority of which are colonial. Most of the more abundant species 
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Figure 58. Sea3onai abundance and distribution 
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are usually reported from oligotrophia to mesotrophic waters, although they may 
form ephemeral blooms under a wide variety of conditions. In early May (Fig. 
59A) , this group was most abundant at a few stations in the northerly sector of 
the Saginaw Bay interface waters with small and fairly uniform populations 
occurring over the rest of the regions sampled. Distribution was similar 
during mid-May (Fig. 59B) , although highest abundance during this period was 
found in the southerly sector of the Saginaw Bay interface waters and southward 
along the Michigan coast. This trend was accentuated in the early June cruise 
(Fig. 59C) , when fairly high population levels were noted as far southward as 
station 59. Population levels had been strongly reduced by the time the late 
June (Fig. 59D) samples were taken; numbers were low and rather uniform 
throughout the area sampled with a slight trend toward highest population 
densities occuring at stations where this group had been least abundant in the 
previous sampling period. In July (Fig. 59E) , population levels increased, 
particularly at the outer stations in the Saginaw Bay interface and at stations 
in the far southern part of the lake. During August (Fig. 59F) , chrysophycean 
algae were abundant at stations in the central and northerly sector of the 
Saginaw Bay interface and southward along the Michigan coast, but present in 
only very small numbers at most offshore stations. In October (Fig. 59G), this 
group remained abundant at stations north of the Saginaw Bay interface and 
became quite abundant at a limited number of offshore stations. Numerical 
abundance of this group was strongly reduced in November (Fig. 59H) when most 
significant occurrences were found at nearshore stations. 

Dinobryon divergens 

This species is apparently widely distributed and may occur in waters of 
significantly different trophic levels. It tends to form ephemeral blooms, 
particularly following major blooms by other species (Hutchinson, 1967). 
During May (Fig. 60A-B) , only scattered isolated populations were noted. 
However, in early June (Fig. 60C) , this species occurred in significant 
abundance in a series of stations running southward from the Saginaw Bay 
interface along the Michigan coast and outward as far as station 60. By late 
June (Fig. 60D) , the population had entirely collapsed, and D>. divergens was 
found only at^scattered stations rimming the region where it had been abundant 
during the previous sampling period. In July (Fig. 60E) , D. divergons was 
again abundant at stations in the Saginaw Bay interface, southward along the 
Michigan coast, and at stations in the far southerly sector of the lake. 
Similar to the June sequence, the July populations had apparently collapsed by 
the time the August samples were taken (Fig. 60F) and only a few scattered 
populations were noted. Distribution of £. divergens remained scattered during 
October (Fig. 60G); by November (Fig. 60H), population levels had increased 
somewhat with abundant occurrences largely restricted to nearshore stations. 

Chrysosphaerella longispina 

This species is usually a minor component of phytoplankton assemblages in 
oligotrophic to mesotrophic lakes and small ponds (Huber-Pestalozzi, 1941). It 
has rarely been reported from the Laurentian Great Lakes. It appears to be 
particularly abundant in Lake Huron (Schelske et al . , 1974). During the 
present study, only small, isolated populations were found in samples taken 
from early May through June (Fig. 61A-D). However, during August (Fig. 6 IE) it 
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bloomed at 3tation3 in the central and northern part3 of the Saginaw Bay 
interface waters and at 3tation3 southward along the Michigan coa3t. During 
the October sampling period (Fig. 61F) , population levels remained high at 
3tation3 north of the Saginaw Bay interface and at a 3erie3 of midlake stations 
surrounding the region in which it had been abundant during Augu3t. By November 
(Fig. 61G), these populations had collapsed, and only isolated minor 
occurrences were noted. 

Chrvsgc9<?<?ug flgKlflgphgnw 

Like the 3pecies discussed above, thi3 taxon has rarely been reported from 
the Laurentian Great Lake3, although it appears to be abundant in Lake Huron. 
In our 3ample3, it3 distribution i3 highly unusual, in that it occurs at all 
3ea3on3 sampled (Fig. 62A-H) but ha3 no readily apparent pattern of 
distribution. Population maxima occurred during July (Fig. 62E) and October 
(Fig. 62G). Although highest absolute population densities are reached at 
stations north of the Saginaw Bay interface during October, population 
densities at both nearshore and offshore stations tend to be remarkably similar 
during other sampled month3. 

Qshrpnona3 sp. 

During the early May sampling period (Fig. 63A), this 3mall chrysophycean 
flagellate was abundant at stations north of Saginaw Bay along the Michigan 
coast and in the southern portion of the lake, but virtually absent from 
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stations in the southern 3ector of the Saginaw Bay interface waters and 
nearshore stations above Harbor Beach. By mid-May (Fig* 63B) , it had become 
generally distributed and remained so during June (Fig. 63C-D). Population 
level3 were reduced during July and August and reached the seasonal minimum in 
October, with only 3light recovery at 3tation3 sampled during the November 
cruise (Figs. 63E-H). 

Cryptophyta 

The cryptomonad3 are a rather enigmatic group of organisms with a number 
of unusual morphological and physiological characteristics. They are 
extensively distributed in nearly all fre3h and brackish bodies of water. They 
are generally distributed throughout the Great Lake3 3y3tem, and unlike mo3t 
other phytoplankton groups, what appear to be the 3ame 3pecie3 occupy habitats 
ranging from pristine to highly disturbed. Although highest abundance is 
usually found in eutrophic areas, members of this group do not usually show the 
degree of habitat differentiation exhibited by most other phytoplankton 
organisms. This is illustrated by the abundance of the group in southern Lake 
Huron (Fig. 64A-H) . Although there are seasonal fluctuations in abundance, the 
group tends to be remarkably evenly distributed throughout the area of 3tudy. 

CrvptaiBgnag <?vata 

Thi3 3pecies is apparently widely distributed in the upper Great Lake3 
including northern Lake Huron (Schelske et ah . 19741. It was present in most 
of our early May (Fig. 65A) samples from southern Lake Huron with relatively 
little variability in abundance from station to station. In late May (Fig. 
65B) population levels tended to increase in the inner Saginaw Bay 3tation3 and 
at near3hore stations particularly in the western and southern sides of the 
lake. A similar pattern wa3 noted in the early June (Fig. 65C) samples with 
the trend towards increase in nearshore 3tation3 extended to the Canadian 
coa3t. This pattern had been somewhat modified by late June (Fig. 65D) when 
high population levels were found in the southern sector of the Saginaw Bay 
interface and southward along the Michigan coast, but only very low populations 
at other stations sampled. Thi3 3pecie3 had been reduced to a seasonal minimum 
in abundance by the time the mid-July 3ample3 were taken (Fig. 65E) and 
remained present in low and relatively uniform numbers throughout the rest of 
the 3ea3on (Fig3. 65F-H). 

BhgflPBPnag Bimrta var. nannoplanctioa 

Like Crvptomona3 ovata thi3 3pecie3 is generally distributed throughout 
the Great Lake3 system. Although les3 abundant than £. 9vata it^too was 
present at mo3t stations sampled thoughout the year in southern Lake Huron 
(Fig. 66A-H). The primary distinction in their distribution pattern is the 
fact that £. minuta var. nannoplanctioa showed a consistent tendency to be 
least abundant in the Saginaw Bay interface waters and nearshore stations on 
the Michigan coa3t and the mo3t abundant particularly during June (Fig. 66D) at 
offshore stations and stations near the Canadian coast. 
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Figure 64. Seasonal abundance and distribution 
trend3 of Cryptomonads. (continued) 
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(continued) 
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Figure 66. Distribution of Rhodomonaa minuta 
var. nannopiany».j^ a (continued) 
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Figure 67. Seasonal abundance and distribution 
trends of dinoflagellates. (continued) 
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Pyrrophyta 

Although the dino flagellates are relatively rare in the Great Lake3 
phytoplankton assemblages they may, because of the large size of certain 
3pecie3, constitute a significant portion of the biomass. The ecological 
affinities of mo3t species is very poorly known and mo3t appear to be erratic 
in their distribution, although this may be complicated by their relative 
rarity in most phytoplankton assemblages. In southern Lake Huron 
dinoflagellate3 were relatively abundant at a group of 3tation3 in the 
northerly sector of the Saginaw Bay interface during early May (Fig. 67A) but 
were noted at only a few stations south of Saginaw Bay. By mid-May (Fig. 67B) 
this pattern had changed in that the group was absent from mo3t of the inner 
3tation3 in the Saginaw Bay interface, but found at scattered stations 
throughout the rest of the area sampled. The group reached its greatest 
abundance and widest distribution during early June (Fig. 67C) but was reduced 
in abundance by late June (Fig. 67D) and remained at relatively low abundance 
throughout the rest of the sampling period (Fig. 67E-H). During July (Fig. 
67E) dinoflagellates were consistently present at stations in the southerly 
sector of the Saginaw Bay interface but thi3 pattern wa3 not repeated in 
succeeding months. 

During mo3t months sampled (Figs. 68A-H) members of thi3 genus reached 
detectable level3 of abundance at stations in or near the Saginaw Bay interface 
waters, with sporadic occurrences at stations or clusters of stations in the 
re3t of the lake. Maximum levels of abundance were reached in the early spring 
and the primary species involved was Peridinium aciculiferum which may become 
quite abundant in eutrophic areas. Although its numbers are relatively low in 
Saginaw Bay it may contribute an appreciable part of the total bioma33 because 
of it3 very large cell3. 

Spir9<iiniw» 3 pp- 

Thi3 unusual 3mall form greatly resembles Spirodinium pu3illum var. minor 
(Skuja, 1956). So far a3 we have been able to determine, thi3 specie3 ha3 not 
been reported from the Great Lakes and most previous reports of its occurrence 
come from small lake3 and pond3. The entity we are dealing with here is widely 
distributed in southern Lake Huron. During early May (Fig. 69A) 3izeable 
populations were present at 3tation3 in the northerly sector of the Saginaw Bay 
interface waters and at isolated stations along the U.S. and Canadian coasts. 
By mid-May (Fig. 69B) abundance had been reduced and the only occurrences noted 
were at 3tation3 in the northerly and easterly 3ector3 of the area sampled. 
During early June (Fig. 69C) , however, relatively large abundances of this 
species were found at scattered 3tation3 throughout southern Lake Huron. These 
populations had apparently collapsed by late June (Fig. 69D) and thi3 taxon i3 
found only at occasional scattered stations during the re3t of the study (Fig. 
69E-H) . 
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Figure 69. Distribution of Spirodinium 3p.« 
( continued ) 
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Figure 70. Seasonal abundance and distribution 

trend3 of microflagellate3. (continued) 
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Micro flagellates 

Thi3 i3 a composite category comprised of 3mall haptophytes and 
chrysophyte3 which cannot be satisfactorily identified at the specific level. 
Although relatively abundant in southern Lake Huron it is probably 
quantitatively less important than some of the other flagellate groups 3uch a3 
much larger dino flagellates and cryptomonads. The overall distribution of this 
group was remarkably stable during the period of our 3tudy. Appreciable 
populations were found in mo3t stations sampled during May (Fig. 70A-B) . 
Maximum abundance wa3 found during early June (Fig. 70C) and this was followed 
by an .apparent collapse in late June (Fig. 70D). Population levels recovered by 
mid-July (Fig. 70E) and remained quite stable during the re3t of the study 
(Fig. 70F-H). 

VERTICAL DISTRIBUTION OF PHYTOPLANKTON AT MASTER STATIONS 

In general, there was remarkably little consistency in the vertical 
distribution of phytoplankton at the southern Lake Huron master 3tation3 
studied either at the given station over time or between stations during a 
given cruise. In mo3t cases (Fig. 71) greatest phytoplankton abundance wa3 
found at some depth below the surface, however, there appeared to be relatively 
poor correlation with the thermal structure. Pronounced subsurface peaks 
occurred during homothermous conditions particularly during cruises 7 and 8, 
and during thermal stratification. At station 25 the 3pring assemblage maximum 
appeared to move downward through the water column to thermocline depths by the 
initiation of stratification but no such trend was observed in the other 
stations studied. Interpretations of the vertical distribution information is 
considerably complicated by the possible presence of senescent populations from 
Saginaw Bay 3inking through the column. 

Of the major physiological group3, diatoms (Fig. 72) tended to have the 
mo3t uniform vertical distribution, particularly during periods of homothermou3 
conditions. During stratification highest diatom abundance was generally found 
at or below the thermocline, although very high population densities found at 
station 60 during cruise 6 were restricted to the epilimnion. 

Somewhat surprisingly the vertical distribution of green algae (Fig. 73) 
wa3 markedly discontinuous prior to stratification. Although the abundance of 
green algae wa3 uniformly low during cruise 5, following the initiation of 
stratification, large populations had developed in the surface waters at 
3tation3 23 and 25 by the time cruise 6 3ample3 were taken but remained low and 
relatively uniform at station 60. 

Although it might be expected that blue-green algae would concentrate near 
the surface, this wa3 clearly not the case in southern Lake Huron (Fig. 74). 
Maximum abundance of this group occurred in the fall under isothermal 
conditions and in only one case (station 23 f crui3e 7) wa3 maximum abundance 
found at the surface. 
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Prior to the establishment of stratification, population densities of 
phytoplankters in the division Chrysophyta were remarkably uniform with depth 
(Fig. 75). Population densities of this group reached their minimum during 
crui3e 5 following the establishment of a 3table stratification. During cruise 
6 maximum population densities were found in the thermocline regions at station 
23 i but this group was present only in small numbers at station 25 and 
virtually absent at station 60. During cruise 7, although the water column 
sampled wa3 essentially isothermal, peak abundance of chrysophyte3 wa3 found at 
20 m depth at 3tation3 23 and 25, with a remarkably large peak at station 25 
being composed almost exclusively of Chrvsoaphaftrslia longiaplna- 

During cruise 1 cryptomonad3 (Fig. 76) were strikingly more abundant in 
near surface waters than other depths sampled. Population densities of this 
group were remarkably similar at all depth3 sampled during cruise 2. During 
crui3e3 3, 4 and 5 minimum population densities usually occurred at the surface 
at the master station sampled with maximum densities occurring at depths of 
either 5 or 10 m. During cruise 6, a large population maximum was found at the 
depth of 20 m at station 23, although the other stations sampled did not 3how 
this trend. During cruises 7 and 8, the population densities of this group 
were again relatively uniform with depth. During these cruises, maximum 
abundance wa3 again generally found in the surface samples although these peaks 
were not as pronounced as they had been during the spring. 

Due to the low population densities found in the offshore waters from Lake 
Huron detectable quantities of dino flagellates (Fig. 77) were generally found 
only at 5 and 10 m depths at the stations sampled. 

Considering the composite nature of the group the distribution of 
microflagellate3 (Fig. 78) was remarkably similar at all the stations and dates 
sampled in southern Lake Huron. In the majority of instances these organisms 
tended to be 3trongly concentrated at a depth of 5 m. The main exception to 
thi3 was at all station3 sampled during cruise 4, and at 3tation3 25 and 60 
sampled during cruise 5. Although population densities varied in most other 
3ample3 these organisms were several times more abundant at the 5 m depth than 
the other depths sampled. The reasons for this highly unu3ual depth 
distribution pattern are obscure although 3ome active type of depth regulation 
i3 suggested by such remarkably stable patterns. 

INTEGRATED FL0RISTIC EFFECTS 

Relation Of Selected Species to Specific Chemical Paramo™ 

It is evident that the phytoplankton flora of southern Lake Huron reacts 
to various chemical and physical conditions and gradients within the 
environment in a complex manner. While nutrient control of phytoplankton 
growth i3 an undeniably important factor in controlling the patterns of 
distribution observed, it i3 al3o clear that certain populations react to the 
conservative ion content of their environment and the temperature regime. The 
effects of these directly observable parameters, although complicated by 
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Figure 79. Correlation plots of absolute abundance (cells/ml) of 
APhanizomenon floa-aoua* vs. chloride (mg/1) . 
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Figure 80. Correlation plots of absolute abundance (cell3/ml) of 
Anhanizomenon floa-aauae vs. nitrate (mg/1) . 
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histore3i3 effects, usually can be evaluated by relatively straightforward 
objective analysis if sufficient data is available. In mo3t instances it is 
much more difficult to evaluate more subtle biotic interactions, particularly 
the characteristics of certain populations which render them more or les3 
subject to los3e3 through sinking, predation or parasitism. 

In the case of certain populations abundant in southern Lake Huron the 
factors controlling distribution appear to be relatively straightforward. For 
instance, Aphanizomenon flo3-aauae is a population which appears to be largely 
restricted to water masses derived from Saginaw Bay. As would be expected its 
abundance i3 highly correlated with high levels of chloride and total 
phosphorus, and negatively with nitrate concentration (Table 17; Fig. 79, 80). 
In the case of this species it may be speculated that it ha3 competitive 
advantage in waters rich in phosphorus and relatively depleted in nitrate and 
silicon, since it is known to be capable of fixing atmospheric nitrogen and 
does not require silicon for growth. It is also quite po33ible that the growth 
of this species is in some way facilitated by relatively high conservative ion 
levels, a3 might be inferred from the high correlation with chloride. Such 
causality arguments are somewhat weakened by inspection of 3imilar data for the 
3ame cruise for undetermined green filament number 5 (Table 18; Fig. 81, 82). 
Although the physiological capabilities of this entity are entirely unknown, it 
is extremely doubtful that it is capable of fixing atmospheric nitrogen. It 
however 3hows nearly identical high positive correlations with chloride and 
total pho3phoru3 and negative correlation with inorganic nitrogen 
concentration. It may well be that apparent similarity in response of these 
two 3pecie3 evolve3 from the fact that they are both generated under the 
conditions present in Saginaw Bay, and that neither population is subject to 
significant 3inking or grazing los3e3 a3 they are transported into southern 
Lake Huron. Hence their behavior is essentially similar to that of the 
conservative chemical ion 3pecies. In this ca3e it is entirely po33ible that 
the apparently high negative correlation with nitrate values of these two 
entities may result from opposite causality (i.e. the growth of green filament 
number 5 and similar populations may result in the depletion of nitrate in 
water ma33e3 where they are abundant and thi3, in turn, may confer competitive 
advantage on nitrogen-fixing poulation3 such a3 Aphanizomenon flos-aouae ) . 

The situation with other populations may be even more complex. For 
instance, Fragilaria capuoina is a species which has been observed to increa3e 
greatly in abundance in shallow embayment3 and nearshore area3 which have been 
significantly eutrophied. However it apparently doe3 not invade the off3hore 
waters of the Great Lake3 to any significant extent. On the ba3i3 of data from 
crui3e 3 (Table 19; Fig. 83) populations of thi3 3pecie3 show moderately high 
positive correlation with the chloride level, although positive correlation to 
total phosphorus and low negative correlations with inorganic nitrogen and 
soluble 3ilicon. Goad et al. (1977) have 3hown that thi3 3pecie3 has a 
relatively thick siliceous wall compared to taxa which are euplanktonic in the 
Great Lakes. It may well be that the apparently weak correlation of the 
occurrence of this species with chemical factors re3ult3 from high sinking I033 
rates inherent in its morphology and cellular constitution. 
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TABLE 18. CORRELATION MATRIX OF GREEN FILAMENT SP. #5 
AND MACRONUTRIENT VALUES FOR CRUISE 7 AT 5 METER 
DEPTH. N s 37 





Cond. 


1.0000 












CI 


.7260 


1.0000 










N0 3 


-.7579 


-.9062 


1.0000 








sio 2 


-.3993 


-.4705 


.3879 


1.0000 






TPO. 
4 


.6943 


.8388 


-.8319 


-.4140 


1.0000 




GRFILS 


.7629 


.9229 


-.9295 


-.4316 


.8765 


1.0000 




Cond. 


CI 


N0 3 


sio 2 


TPO. 
4 


GRFILS 





TABLE 19. CORRELATION MATRIX OF FRAGILARIA CAPUCINA 





AND MACRONUTRIENT VALUES FOR 
DEPTH. N = 


CRUISE 3 
43 


AT 5 METER 






Cond. 


1.0000 












CI 


.8209 


1.0000 










NO- 


.3625 


.0771 


1.0000 








sio 2 


-.3001 


-.2538 


-.1382 


1.0000 






TP0 4 


.4562 


.4857 


.0994 


-.1174 


1.0000 




FRCAPU 


.5773 


.7350 


-.1034 


-.1203 


.2963 


1.0000 




Cond. 


CI 


N0 3 


sio 2 


TP0 4 


FRCAPU 
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Figure 81. Correlation plots of absolute abundance (cell3/ml) of gre^n 
filament 3p. #5 V3. chloride (mg/1). 
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Figure 82. Correlation plot 3 of absolute abundance (cell3/ml) of green 
filament 3p. #5 vs. nitrate (mg/1) . 
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Figure 83. Correlation plots of absolute abundance (cells/ml) of 
Fraftllaria caoucina vs. chloride (mg/1) . 
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MACRONUTRIENT VALUES FOR CRUISE 6 AT 5 


METER DEPTH 








N = 44 






Cond. 


1.0000 










CI 


.3763 


1.0000 
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Figure 84. Correlation plots of absolute abundance (cells/ml) of 
Cvclotella comensis vs. silica (mg/1). 
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Figure 85. Correlation plot3 of absolute abundance (cell3/ml) of 
CY<?lgtella <?9ffi?n?A? vs. nitrate (mg/1). 
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The occurrence pattern of Cyclotella comensis in the Great Lakes is 
something of an enigma. Although this species was previously recorded from the 
offshore waters of Lake Superior (Schelske et al. , 1972) and northern Lake 
Huron (Schelske e£ al, , 1974; Lowe, 1976) its distribution range and abundance 
has apparently increased considerably in recent years. It is now present in 
Lake Michigan, where it was previously either absent or present in only very 
small abundance (Stoermer & Yang, 1969), and during our study occurred in bloom 
proportion at several stations in southern Lake Huron. In southern Lake Huron 
blooms of this species were usually associated with auxospore formation during 
the late summer which in our experience is highly unusual for most planktonic 
diatoms. Inspection of data from cruise 6 (Table 20; Fig. 84, 85) shows that 
this species has a relatively strong positive correlation with nitrate level. 
Conversely it shows negative correlation with other nutrient and conservative 
ions. It is particularly interesting that this species shows a high negative 
correlation with dissolved silicon, although this nutrient is known to be an 
essential requirement for its growth. These data, plus the highly unusual 
occurrence pattern of this species in the Great Lakes in recent years, lend 
some credence to the hypothesis that inorganic nitrogen levels in the offshore 
waters of the upper Great Lakes are in fact increasing. It would also tend to 
indicate that this species is particularly efficient in its utilization of 
silicon at low levels and may become an increasingly important element of 
summer phytoplankton assemblages in the upper lakes. Our data (Fig. 85) 
suggest that this species has an absolute requirement for nitrate levels in 
excess of 200 vtg/ju but when this requirement is supplied, it can tolerate 
silica levels of less than .5 mg/ i (Fig. 84). 

The distribution of Cyclotella ocellata , another species with apparent 
oligotrophic affinites, is quite different: with respect to major conservative 
and nutrient ions (Table 21; Fig. 86). Unlike C. comensis this species shows 
relatively high positive correlation with increasing levels of dissolved 
silicon, but it is negatively correlated with other major nutrients and with 
chloride. Previous studies in northern Lake Huron (Schelske et al M 1976) 
suggest that £. ocellata is most abundant at or below the thermocline. This 
suggests that it has a relatively high silicon requirement but is able to 
fulfill this limitation by adaptation to growth under low light conditions. As 
will be discussed later, significant occurrences of this species in southern 
Lake Huron during stratification appear to be associated with upwelling 
incidents. 

Dimensional Ordination Analysis Utilizing Principal Components 

A number of multivariate statistical procedures are available to aid in 
evaluating properties, in this case floristic associations, emergent from the 
complex interactions of the basic physical and chemical properties of the given 
system. In this case, we have chosen to utilize principal components 
analysis. For each cruise, we have plotted the regions of floristic similarity 
Ln southern Lake Huron derived from this analysis, and in addition have 
prepared a tabular listing of the species particularly characteristic of the 
regions defined. The analytical procedures used are essentially similar to 
those utilized by Schelske et al. (1976) and Stoermer and Ladewski (1978). 
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Figure 86. Correlation plots of absolute abundance (cella/ml) of 
Cvclotella ocellata V3. 3ilica (mg/1) . 
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During cruise 1 (Fig. 87; Table 22) six fairly well defined phytoplankton 
associations were present in southern Lake Huron, Three of these associations, 
labeled A f C f and E, were associated with nearshore stations sampled. Although 
these stations had in common relatively high abundance of certain predominately 
benthic taxa 3uch a3 Amphora ovali3 var. pedicu,Iu3 . the predominant planktonic 
taxa present were different in each region. Region A wa3 dominated by 
oligotrophic to me30trophic 3pecie3 such as Rhodomon^s minuta var. 

nanngplanstlca, StePhaP9<3i?<?M? tran?Uvaru<?u?> Svn?4ra flllfPHBigi and 

Tabellaria flocculo3a . Region C, on the other hand, wa3 characterized by much 
greater abundance of species with eutrophic affinities such a3 Diatoma t enue 

var. pashY<?3Phala, FragUaria <?apu<?;Lna, ^i&lsaira mrarmlatai and Stephanrtiwwg 

binderanu3 . Region E wa3 dominated by a different 3et of taxa with me30trophic 
to eutrophic af finites including very high abundances of Melo3ira islandica . 
Nita?Sftia tiiggiPatai several of the smaller species of Stephanodiacus. and 
Surirella angu3tata . Region B, which encompa33es a number of stations in the 
Saginaw Bay interface waters and southward along the Michigan coa3t, contained 
a mixture of species with primarily eutrophic affinities but wa3 mostly 
distinguished by a very high abundance of microflagellates. Region D was 
characterized primarily by the occurrence of a number of 3pecies with 
oligotrophic or meso trophic affinities, generally in low abundance. This 
region is distinguished from Region D1 primarily by the greater abundance of 
species such as Dinobrvon divergens and Fragilaria intermedia var. fallax in 
Region D1. 

During cruise 2 (Fig. 88, Table 23) a somewhat different flori3tic pattern 
was present. A large number of stations in the Saginaw Bay interface waters 
and southward along the Michigan coa3t had floras dominated by 3pecie3 with 

eutrophic affinities such as pjatana terms var. pachvsephalai F^aPiila^ia 
sr<?fr9P?n?ig, GlgyygyaUg Plantoprusa, ttelpgjra sranylatai Ogglllatpfia x££aii, 

SS9n<?<3??fflU3 quad** j, caMa » and Stephanodiaeua binderanua. Region A was 

particularly characterized by very high populations of Diatoma tenue 

var. pachvcephala . and maximum abundance of microflagellates and Fragilaria 

capucina. Region A1 contained similar 3pecie3 but had a greater admixture of 

primarily benthic taxa such a3 Fragilaria pinnata . and more me30trophic 

euplankters such as Ana<?Y?Uf? incerta. Rhizosolenia gracilis, and Svnedra 

o3tenfeldii. At thi3 time most off3hore stations labeled a3 Region B on the 

map were characterized by relatively low abundance of oligotrophic and 

me3o trophic populations. Region C, along the Canadian coa3t, wa3 characterized 

by high abundance of some of the more eurytopic plankton dominants 3uch a3 

A?teripn<?lla f<?ra<?9a> CYPlPtella &21U&2J&, M?l<??ira isiandica. and 

Stephanodi3cu3 aloinus . together with certain specie3 3uch a3 Cvclotella 

m^rtuniana, StePhanpdlggw* hantz?shii, iStePhangtiissvi? minutua. ^ aubtiiia. 

and Surirella angu3tata. which usually occur under more eutrophic conditions. 
Stations in the area labeled C1 had a qualitatively similar flora to Region C, 
but certain species such as Crwlflfflla £UadEa£&t Cvclotella ocellata. 
Rhizo3olen;La gracilis, and Svnedra filiformi3 were relatively more abundant. 
Thi3 flora tended to grade into that found in Region B in the area labelled 
BC1, but thi3 region wa3 also distinguished by relatively high population 
densities of Chry39?pha?r ? ll a l?Pfil?P^ng and ChrvaococQua dokidoohorua. 
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During cruise 3 (Fig. 89; Table 24) the floristic pattern in southern Lake 
Huron was essentially similar to that found during cruise 2 but somewhat more 
complex. Stations within Region A were characterized by the presence of 
relatively high numbers of benthic taxa, such as Amphora ovalis var. pediculus , 
and Fragilaria pinnata , together with certain flagellate species such as 
Cryptomonas ovata and Chrysosphaerella longispina . Region B was characterized 
by relatively high abundance of species usually associated with eutrophic 
conditions such as Anabaena flos-aquae , A. subcylinririca , Aphanizomenon 
flos-aquae , Fragilaria capucina , Gloeocystis planctonica , and Mougeotia sp« . 
Region Bl was floristically similar, however it had a greater abundance of 
species such as Diatoma tenue var. pachycephala and Ulothrix sp.. Region C was 
characterized by relatively high abundance of certain benthic species such as 
Achnanthes minutissima together with some of the more eutrophic plankton 
dominants such as Melosira granulata and Oscillatoria bornetii . Immediately 
adjacent Region D had a markedly different flora which was dominated by 
eurytopic or oligotrophic species such as Asterionella formosa , Cyclotell a 
ocellata , Rhizosolenia eriensis, Synedra filiformis , and Tabellaria 
fenestrata . At this time, offshore stations within region E were mainly 
characterized by the presence of populations of small diatoms such as 
Cyclotella stelligera and small flagellates such as Rhodomonas minuta var. 
nannoplanctica . The region labeled BE was apparently a mixing zone between the 
open Lake Huron and Saginaw Bay water masses, as it contains a mixture of the 
species found in Region Bl plus substantial quantities of species such as 
Crucigenia quad rata , Cyclotella comta , Cyclotella michiganiana , Dinobryon 
divergens , and Fragilaria crotonensis which were also found in Region E« Region 
F was defined primarily on negative characteristics and lacked species 
dominance patterns displayed by any of the other regions. The region labeled 
FE appeared to be a mixture of floristic associations found at nearshore 
stations along the Canadian shoreline and populations found in the open waters 
of Lake Huron. It was additionally characterized by relatively high abundance 
of Chrysosphaerella longispina . Station 6, labeled G on the map, was 
distinguished from adjacent stations by high abundance of some of the small 
Stephanodiscus species such as £. minutus and S^. subtilis . 

During cruise 4 (Fig. 90; Table 25), the influence of the Saginaw Bay 
water mass was apparently less extensive than it had been during the previous 
sampling period. The region labeled A contained a very high abundance of 
species associated with highly eutrophic conditions such as Anabaena 
flos-aquae , Aphanizomenon flos-aquae , Fragilaria capucina , Oscillatoria r etzii , 
and Pediastrum boryanum . The region labeled Al had a substantially similar 
flora but with a greater admixture of more mesotrophic taxa such as Anacystis 
thermalis . Region A2 was likewise similar to Regions A and Al but had a greater 
abundance of more eurytopic diatom species such as Synedra ostenfeldii . Region 
B contained certain elements of the eutrophication-tolerant flora found in 
Region A such as Anabaena f los-aquae . These species however were present in low 
abundance and the flora of Region B was dominated by more eurytopic taxa such 
as Cyclotella stelligera , Synedra filiformis , and Tabellaria flocculosa var. 
linearis . Unlike Region B, Region C contained practically none of the species 
associated with the Saginaw Bay water mass, and the flora of this region was 
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dominated by species such as Chrvsosphaerella longispina. RhJS999lfflia 
eriensis . Svnedra ulna var. chaseana. and Tabellaria tm* r tfrtf$, none of which 
i3 particularly tolerant of eutrophied conditions. Regions D and D1 were 
characterized by low population densities and assemblages of species usually 
intolerant of eutrophic conditions. Some of the characteristic populations in 
Region D were species such as Crucigenia cuadrata. Cvclotella ocellata. 
Cvclotella stelligera. Vwrtryw 4lY«**Rena, and Rft9<toffl9na? nim%Z var. 
nannoplanctica . Region D1 wa3 distinguished from Region D primarily by the 
greater abundance of species such as Anacvstis incerta. CY9l9tella 99ffi?"9Jgt 
and Rhizo3olenia gracilis . As in the previous sampling period, during this 
cruise a series of stations along the Canadian coastline labeled 5 in the 
diagram had a substantially different flora than the re3t of the lake. Diatoms 
were particularly abundant, and the flora at the3e stations contained both 
significant quantities of primarily benthic taxa such a3 Achnanthe3 minuti33ima 
and Amphora ovali3 var. pediculu3 . as well as euplanktonic 3pecies tolerant of 
elevated nutrient levels such as Melo3ira i3landica . Stephanodi3cu3 minutu3 . 
and £. «2ii££ili2* 

During cruise 5 (Fig. 91 t Table 26), a number of 3tation3 along the north 
Michigan coast labeled A in the diagram had a diatom dominated assemblage 
containing primarily eurytopic species such as A3terionella formosa . Cvclotella 

9oaU> Fragilaria 9r9t9n<?ngi3» and Tab«?Uaria f3n??frrata> together with a 

number of species having more eutrophic affinities 3uch as Fragilaria c apucina . 
and usually benthic taxa such as Fragilaria pinna ta . The hypereutrophic 
assemblage characteristic of Saginaw Bay dominated Region B where species such 

as Anafraena gutaYliPtirisai AnasYsU? ?Yan?a, and APhaniS9m?n9T) flM-awaa were 

particularly abundant. Certain elements. of this flora were al3o found in the 
region labeled B1, but this region al30 contained le33 eutrophication-tolerant 

taxa such as Anal?a<?pa fl9?-aqya3, CHMlfrenia qw4*»ata» and Pin9frrY9n 

divergen3 > Region C likewise had certain affinities to Region B1 3ince it 
contained species in common 3uch as Chodatella ciliata and D^nobrvon divergen3 . 
but the flora of this region wa3 dominated more by typical off3hore 3umnier 
forms 3uch as Ana9Y?U? th^^ali? and CY9l9teUa MiChiKaniana* Stations within 
the region labeled D appeared to reflect the influence of 3ome nutrient 
enrichment, possibly resulting either from upwelling or 3horeline nutrient 
discharge, 3ince their floras contained both some of the typical offshore 
phytoplankton dominants and 3pecies such as Melo3ira granulata . Stephancdi3CU3 
minutu3 and S. 3ubtili3 > which generally occur under more enriched conditions. 
The region labeled D1 contained a typical offshore assemblage dominated by 
species such as CY9l0t<?lla gtelllfWra and Rhpd9ffl<?na? fflinuta var. narrngplangtlga* 

Unlike the other crui3e3, during cruise 6 (Fig. 92, Table 27) the 
immediate influence of Saginaw Bay appeared to extend northward. The flora of 
Region A wa3 dominated by blue-green algae such as Anabaepa 3ubcvlindric a. 
Anacv3ti3 cvanea and Aphanizomenon flos-aouae . characteristic of hypereutrophic 
conditions. Thi3 influence extended into Region A1 with the assemblages at 
these stations containing more species with benthic affinities, and eurytopic 
taxa such as A3t?rJ9n<?Ua f?n099a and Chrvaosphaerella longispina. A large 
3ector of the lake labelled Region B contained an unusual assemblage dominated 
by high abundance of Cvclotella comen3i3 . but al3o containing certain 3pecie3 
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such a3 Pedia3trum borvanum generally associated with eutrophied conditions in 
the Great Lakes. Region C had certain similarities to Regions A1 and B but 
contained a greater abundance of me3otrophic blue-green 3pecie3 3uch as 
Anafra<?na flpg-awa? and Apa<?Y?fri? tiwrBBll?' Region D also contained a flora 
characteristic of 3ilica depletion under midsummer conditions, but with a 
greater abundance of 3pecies such as Anacv3tis incerta . Crucigenia cuadrata , 
.and Rhodomopa3 minuta var. nannoplanctica . During thi3 cruise Region E 
appeared to reflect the influence of upwelling. The flora within the primary 
region wa3 dominated by 3pecie3 such a3 Cvclotella ocellata . Dinobrvon 
divergens. Pragilaria sr9fr?r)3ngjg> flft;J3<??9l?nia ?^;?n?19t T&tellarja 
fffl^Stra^at and Tabellaria flocculosa var, linearis. Region E1 contained a 
greater abundance of 3pecie3 3uch as Cvclotella comta . £^ michiganiana . and £+ 
3telligera . while Region E2 wa3 distinguished primarily on the ba3i3 of high 
population densities of micro flagellates. 

A somewhat more 3imple floristic pattern was present during cruise 7 (Fig. 
93 $ Table 28). In this case the region labeled A contained the 
diatom-dominated assemblage with specie3 such as A3terionella formo3a . 
CYClgtella ££Bi£&, £i ffllSlUflaruana, and XL. ?telliK9**a being prominent. As had 
been the case at these stations in previous months, the flora al3o contained a 
substantial number of primarily benthic 3pecies such a3 Amphora ovali3 var. 
PttliCMlWi Frggtlarja PiHPatai and £^ vaucheriae. Region B contained a typical 
hypereutrophic assemblage. Although certain blue-green 3pecies such as 
Aphanizomenon flos-aouae were still prominent, by thia time a number of 
fall-blooming diatom species, such as Actinocvclu3 normanii fo. 3ub3alsa . 
F^afillaria ?aPM<?ina> and Ffelggjra ff*aiMlata had also become prominent. 

The3e elements in the flora were reduced in abundance at the 3tation3 in 
Region B1 and blue-green algae such a3 Anabaena 3ubcvlindrica and Anabaena 
cvanea were particularly abundant. All during this cruise assemblages at 
off3hore 3tation3 in Region C contained relatively large populations of 3pecie3 
like Chrvsosphaerella l<?qKi3Pina» Q7^Y?9<?9<?<?M? 49fcL<l9PhgHW» CY9l9^Ua 
PMllatai and Q<?ffiPftP?Phaeria la^g^jg. Stations in Region C1 were 
distinguished from those in Region C primarily by having larger populations of 

Pin<?{?ry<?n jivsrssng- 

During cruise 8 (Fig. 9 1 *, Table 29) a very complex pattern wa3 present. 
Region A contained assemblages composed of several primarily benthic diatoms, a 
number of euplanktonic 3pecies tolerant of moderate nutrient enrichment, such 
as Fragilaria crotonensis. M5193JH* i2i£Q&£3Lt and TalteUarla l£Il££££a£a> Plus 
a few green algae such as Crucigenia qya4rata and g9l?ntania XS&&£&> P lu3 
pinobrvon divergens . Region A1 wa3 distinguished from Region A primarily by 
the greater abundance of 3pecie3 3uch a3 Cvclotella ocellata and Stephanodi3CU3 
alpinus . The flora of Region B wa3 dominated by 3pecie3 usually occurring 
under highly eutrophic conditions, such a3 Anacv3ti3 cvanea . ftphanizomenon 
Xlas^afliias, and Fr 5 RUa^4a SaPUQina* Assemblages at stations in Region C were 
fairly typical of moderately disturbed off3hore regions in the upper Great 
Lakes, containing species such a3 fnacv3ti3 thermali3 . Gompho3phaeria 
laQWfrrjg, and Rh9<39B9na? fltimrtM?, i n moderate abundance. Region C1 was 
distinguished from Region C primarily through the greater abundance of pocvstis 
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3pp, The region labeled BC appeared to be a mixture of the flori3tic 
assemblages found in the two primary regions. A3 had been the ca3e in several 
previous sampling periods, the region of the Michigan coa3t labeled D in the 
diagram had a unique floristic composition. Assemblages in this region were 
relatively rich in 3pecie3 like Cvclotella comensis and £,. ?fr?lliirfl? r a> together 
with Crvptomona3 ovata and Anacv3ti3 Inserts, and benthic diatoms such as 
Fragilaria vaucheriae. 
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DISCUSSION 

Ba3ed on the results of thi3 study, it appears that the phytoplankton 
flora of southern Lake Huron ha3 been modified by anthropogenic inputs to a 
greater extent than i3 generally realized. Although at any given sampling 
period phytoplankton assemblages at offshore 3tation3 are generally dominated 
by populations which develop under oligotrophic conditions, there is evidence 
of nutrient stimulation of more tolerant populations, and the injection of 
populations tolerant of extremely eutrophic conditions into the offshore 
waters,. Our results indicate that the areal extent of these effects is highly 
seasonal, and it may well be that certain of the patterns observed during thi3 
3tudy result from transient meteorological event3 (Schel3ke e& £l. , 197*0. 
Unfortunately, the present data base does not allow evaluation of this source 
of variability. 

Because of the limited number of 3tudie3 of the openwater phytoplankton 
flora of southern Lake Huron, there is also a limited basi3 for evaluating 
long-term chronic flori3tic effects of eutrophication. Those 3tudie3 available 
(Nichols £ijJL. f 1975, 1977; Schelske .& al. , 1972, 1974) indicate that the 
waters of northern Lake Huron and Georgian Bay generally contain phytoplankton 
assemblages more indicative of oligotrophic conditions. While local regions in 
the northern part of the lake may show the effects of nutrient stress, they do 
not appear to develop the populations tolerant of highly eutrophic conditions, 
except in very local regions of southern Georgian Bay (Nichol3 ^i al. , 1977). 
While some effect of chronic nutrient 3tre3s on southern Lake Huron may be 
inferred from these apparent differences, direct comparison with historic 
samples as ha3 been done in Lake Erie (Hohn, 1969) and Lake Michigan (Stoermer 
and Yang, 1969) i3 not po33ible. 

In terms of the qua3i-in3tantaneou3 effects directly addressable from our 
3tudy, it i3 clear that there are three primary areas of flori3tic modification 
which have significantly different characteristics, and which vary appreciably 
in the area of the lake effects. The floristic characteristics of these areas 
are variable over the time period sampled in thi3 3tudy due to seasonal 
succession of the 3pecie3 involved. Although the apparent source regions are 
con3i3tent from cruise to crui3e, the area of the effect is highly variable, 
depending apparently on both the amount of input of nutrients and other factors 
which may affect phytoplankton composition, and on the physical factors which 
determine the subsequent dispersion of these materials into the main body of 
Lake Huron. 

A3 might be expected, mo3t extensive and intensive modifications are 
associated with Saginaw Bay. Populations developed within thi3 area are 
characteristic of extreme eutrophication and 3alinification, and are thus quite 
clearly distinguished from a33emblage3 developed in the open waters of Lake 
Huron. A3 alluded to previously, the flora of this region contains a mixture 
of populations, including those developed within Saginaw Bay proper and 
dispersed into Lake Huron, and certain populations which develop in the mixing 
zone between Saginaw Bay and Lake Huron proper. The areal extent and direction 
of the Saginaw Bay influence i3 highly variable, and apparently dependent on 
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the circulation patterns in the bay and in main Lake Huron (Allender, 1975; 
Danek and Saylor, 1977). Due to the rapid response of circulation patterns in 
Saginaw Bay to wind stress, the dispersion of biological populations and 
chemical materials from this source may be highly dependent on transient 
meteorological events (Schelske et al. , 1974). For this reason the limited 
number of sampling cruises undertaken during the course of this project may not 
furnish a very complete assessment of the possible effects of this source on 
southern Lake Huron. On the basis of the data available however, it appears 
that the region most consistently affected is the area running southward from 
Saginaw Bay along the Michigan coast. Only during the August cruise (Fig. 92) 
did phytoplankton assemblages characteristic of Saginaw Bay extend northward 
from the bay* The area of the affect appeared to extend beyond our sampling 
array so that the full extent of northward excursion cannot be determined. 
Nonetheless it would appear that most of the influences of discharge from 
Saginaw Bay are found in southern Lake Huron rather than being distributed over 
the entire lake. The areal extent of the Saginaw Bay influence in southern 
Lake Huron is quite variable from cruise to cruise. During the mid-May and 
early June cruises (Fig. 88, 89) while the lake is still under the influence of 
the thermal bar, phytoplankton assemblage modification resulting from Saginaw 
Bay discharge is restricted to stations along the Michigan coast, and appears 
to move lakeward following the excursion of the spring thermal bar. The 
furthest dispersal of material and populations from the bay appeared to occur 
during July (Fig. 91) when the influence of the Saginaw Bay water mass extended 
southeastward as far as stations 6 and 65 near the southern Canadian coast. 
Somewhat surprisingly during November (Fig. 94) senescent populations 
characteristic of the Saginaw Bay water mass were found at midlake station 66. 

The influences of nutrient discharge on the Canadian coastline are both 
less extensive and more seasonally variable. The largest area of affect was 
found during the May and early June cruises (Fig. 88, 89) and appeared to be 
controlled by a combination of maximum spring runoff from land sources and the 
effects of the spring thermal bar. Phytoplankton assemblages at stations along 
the Canadian coast were also quite strikingly different during the August 
cruise (Fig. 92). This effect however appeared to be associated with upwelling 
along the Canadian coastline during this period rather than the influence of 
nutrients from shoreline sources. As discussed previously, the general pattern 
of phytoplankton distribution during this cruise was different than all other 
cases examined. The apparent excursion of the Saginaw Bay plume northward 
combined with the apparent upwelling at stations along the Canadian coast 
indicates that the surface waters of southern Lake Huron were being transported 
in a northwesterly direction during this sampling period which is atypical of 
the average case. It should also be noted that phytoplankton populations most 
characteristic of the oligotrophic openwater stations in Lake Huron were 
restricted to stations 21, 24, 25, and 54 during this cruise. 

The other area of floristic modification noted during the study was in the 
region of stations 14, 15 and 67. Although this pattern was less striking and 
less consistent than those discussed previously, it was recurrent, which tends 
to indicate a source of nutrient addition in this region. The greatest 
apparent effect appeared during July (Fig. 91) when populations characteristic 
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of this region extended as far south as station 64. This region was not 
detectable during the mid-May cruise (Fig. 88) when any influence with sources 
in this region were apparently overwhelmed by materials exiting Saginaw 3ay 
landward of the spring thermal bar and during August (Fig. 92) when, as 
discussed previously, these stations were occupied by a water mass more 
characteristic of the offshore waters of southern Lake Huron. The influence of 
sources in this area thus appears to be less than the sources discussed 
previously. The phytoplankton assemblages of southern Lake Huron are thus 
reflective of an oligotrophic environment which is variably modified by 
eutrophication. The primary difference between southern Lake Huron and other 
areas of the Great Lakes which are undergoing eutrophication is in the nature 
of perturbations arising from Saginaw Bay. In most areas of the Great Lakes, 
changes in phytoplankton composition and abundance result directly from the 
addition of nutrients and other materials « In southern Lake Huron this appears 
to be the case at stations along the Canadian coast. The effects of materials 
entering Saginaw Bay, on the other hand, are strongly modified by biotic 
interactions within the bay. It appears that most of the nutrients entering 
southern Lake Huron from Saginaw Bay are contained in phytoplankton cells. The 
subsequent effect of this loading in southern Lake Huron is thus strongly 
dependent on both the load carried by these populations and their subsequent 
dispersal and fate in the lake. Our data indicate that certain of the 
populations generated within Saginaw Bay are quite persistent and thus may be 
transported over considerable distances in southern Lake Huron before they die 
and the materials they contain are released. This is particularly true of 
certain of the blue-green algal populations generated within Saginaw Bay. 
These populations are apparently not subject to large losses from sinking 
and/or grazing and persist in the near-surface waters for considerable periods 
of time. The dispersion of these populations into the open waters of the lake 
would appear to be of importance since they may store large quantities of 
phosphorus as polyphosphate bodies. Many other populations, particularly some 
of the larger diatoms, are apparently lost from water masses exiting Saginaw 
Bay quite rapidly, and thus the materials entrained are either lost through 
sinking or fairly rapidly recycled. Thus the ultimate effects of pollution 
sources within Saginaw Bay on Lake Huron may be a function of not only the 
biological productivity within the bay but: also of the types of populations 
which are produced. Our results indicate that it is conceivable, given the 
right circulation conditions, that certain populations generated in Saginaw Bay 
could reach nearly any part of southern Lake Huron. Under the specific 
conditions examined in this study, it was demonstrated that these populations 
do in fact reach midlake stations and stations along the southern Canadian 
coast. Management strategies which minimize the loadings to Saginaw Bay thus 
may be especially effective since they will not only reduce the total loading 
to Lake Huron, but if sufficient to limit blue-green algal blooms, they may 
also limit the dispersion of materials entering Saginaw Bay to the open lake. 
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APPENDIX 1 

SUMMARY OF PHYTOPLANKTON SPECIES OCCURRENCE IN THE NEAR-SURFACE WATERS 
OF SOUTHERN LAKE HURON DURING 1974 SAMPLING SEASON*. 



# 

Slld«S 



CYAKOPWYTA 



AgmmtmUum qu*drupUc*tum (Mtnath.) 8rao. 

An*b—nm floa-****** <Lynt>.) Brab. 

Ansbmmns sp. #1 

Afuoasvu sp. #2 

AJiaAtaoa sp. #4 

An«iM«n4 suJbcylindriea Bort* 

A*acyseis cyan** (kucz.) Or. and Daily 

A. tfiautfiata (Kucz.) Or. and Daily 

A. inert* (Lass.) Dr. and Daily 

A. thrmmli* (Htocsh.) Or. and Daily 

Apft«ftijDM»non /ioa-aquta (L.) Ralfa 

Otrooaoccua dispmnus var. ai»r O.K. Saith 

Coccochloris «p. #1 

Qompho*ph*mri* Ucumtria chad. 

Offeiliaeoria Aoroaeii Zukal 

O. iiawa-eica Uw. 

O. .xaesii As* 

Oaciiiaeoria sp. #1 

OBcillstorU sp. #2 

OsciJIaeoria sp. #3 

OsciJJaeoria sp. #4 

Osciliatoria ap. 95 

Oaciiiaeoria sp. #6 

Scnizoehrix caieicoia (Ag.) Cos. 

Uodacarmiftad blua-graan fllasjsnt #1 

Undatarainad blufl-graan fllaaane 12 

Total for l»l*lsioa (26 spaclaa) 



A v »ran« 

Calls/nl 2 Pop 



Cells/ml 



2 Pop 



2 


0.870 


0.033 


238.761 


9.794 


45 


20.636 


0.656 


1989.674 


55.901 


2 


0.013 


0.001 


2.094 


0.263 


1 


0.007 


0.000 


2.094 


0.028 


1 


0.020 


0.000 


6.283 


0.034 


35 


2.516 


0.037 


211.534 


1.123 


13 


29.328 


0.326 


2827.431 


37.303 


2 


0.087 


0.006 


18.850 


1.U1 


67 


121.508 


4.498 


2722. 712 


80.967 


110 


12.038 


0.713 


190.590 


16.667 


75 


37.940 


0.744 


2844.187 


23.122 


45 


28.645 


1.311 


722.566 


50.607 


2 


0.314 


0.014 


50.265 


3.625 


$0 


90.882 


4.541 


1466.075 


75.594 


131 


1.920 


0.133 


62.832 


5.310 


7 


0.080 


0.002 


10.472 


0.222 


t8 


9.569 


0.274 


347.669 


5.109 


2 


0.013 


0.001 


2.094 


0.177 


1 


0.114 


0.001 


35.605 


0.342 


1 


0.007 


0.000 


2.094 


0.013 


50 


1.343 


0.038 


58.643 


0.846 


13 


2.891 


0.112 


816.813 


31.733 


2 


0.047 


0.001 


12.566 


0.337 


21 


0.435 


0.012 


25.133 


0.694 


5 


0.161 


0.005 


20.944 


0.653 


1 


0.007 
381.390 


0.001 

13.461 


2.094 


G.2J8 



CHLOROPHYTA 

Act inmm trim hmatzmchii Lag. 
AnAiaeroctoaaua f*U*tua (Cor da) Haifa 
A. gmlifsctum (Chod.) Bourr. 
AnklstrodmrnmuM quaaclonabla sp. 
AnAistrorfaaaus quaadociabla sp. #1 
Aakimtrodaamua sp. #1 
AnkistrodasmuM sp. #2 
AnkiMtrod+9MuM sp. #3 
AnkiMCrodmmmum sp. #4 
AnkiMteod+mwua sp. #5 
Binuclm+ri* •tionaim Tiffany 
Borodirmll* poiyeatraa Millar 



18! 



1 0.027 


0.000 


8.378 


0.069 


4 0.040 


0.003 


6.283 


0.353 


LI 0.314 


0.024 


25.133 


2.160 


2 0.027 


0.003 


4.189 


0.556 


1 0.027 


0.003 


8.378 


0.844 


1 0.020 


0.000 


6.283 


0.096 


8 0.167 


0.018 


12.566 


1.695 


15 3.473 


0.297 


29.322 


2.778 


4 0.067 


0.006 


6.283 


0.625 


3 0.067 


0.005 


4.189 


0.501 


2 0.054 


0.004 


10.472 


1.389 


1 0.161 


0.003 


50.265 


0.943 



•Summary i3 baaed on all 5-m 3ample3 analyzed. Summary include3 the total 
number of 3ample3 in which a given taxon was noted, the average population 
density (cell3/ml) , the average relative abundance (% of assemblage) , the 
maximum population density encountered (cell3/ml), and the maximum relative 
abundance (J of assemblage) encountered. (continued) 
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APPENDIX 1 (continued) 



Jocryococcus braunli Kutz. 

Gharaciusi limneticum Learn. 

Chodatella ciliata (Lag.) Chod. 

C. citri/orais Snow 

C. subm+ls* Lean. 

Closterium aciculare T. Vest 

CIo*toriu» sp. #1 

Coeiaatruj* microporum Nag. 

C. retieuiatua (Dang.) Senn 

Ooel as truat sp. #1 

Co«aMriu« bioculaeua Breb. 

C. botrytis Menegh. 

C. dopressum (Nag.) Lundcll 

C. yeoaatricu* var. suecicua Borge 

C. la+vm var. di*t«ntu« G. S. West 

Cosmarium questionable sp. #1 

Gosaeriua sp. #1 

Crucig+ni* irregularis Villa 

C. qusdrata Morren 

ffiaJtatoeArix 9*iacinos* Villa 

Jut eeraaorus questionable sp. #1 

Francmia droeseheri (Leaa.) CM. Saith 

Cioeocyxtis planctonicm (V. and V.) Leaa. 

CoienJci/iia radiata (Chod.) Villa 

Kirchneriella lunar is (Klrchn.) Moabiua 

Kirchneriella sp. #1 

Mougeotia sp. #1 

tfapftrocytiuj* agardhianum Nag. 

Oocystis quastionable spp. 

pedias trust biradiaCust He yen 

P. boryajiua (Turp.) Menagh. 

P. duplex Me yen 

P. duplex var. ciatAratu* (A. Braun) Lag. 

P. duplex var. reticuiatua Lag. 

Pmdiastrvm sp. #1 

Pod i as t rum spp. 

padiaatrtun tetras (Ehr.) Rails 

PAecotus Ja/icicuiaris (Ehr.) Stein 

Qomdrigula lacustris (Chod.) C. M. Saith 

Scenedeamus abundanm (Kirch.) Chod. 

5. acuminatus (Lag.) Chod. 

5. a cut us fo. al tertians Hortob. 

5. ecu tu* fo. oostuiaeus (Chod.) Uherkov. 



# 


Average 


Max imura 


Slides 


Cells/mi 


X Pop 


Cells /mi 


% Pop 




2.978 


0.127 


335.103 


26.144 




0.013 


0.001 


2.094 


0.242 


26 


0.488 


0.038 


39.793 


1.597 




0.040 


0.004 


4.189 


0.893 




0.007 


0.000 


2.094 


0.139 




0.013 


0.001 


2.094 


0.258 




0.013 


0.001 


2.094 


0.177 


30 


2.851 


0.128 


87.965 


4.614 




0.375 


0.007 


117.286 


2.042 




0.054 


0.000 


16.755 


0.106 


14 


0.134 


0.013 


8.378 


1.429 




0.120 


0.003 


12.566 


0.242 


18 


0.154 


0.008 


8.378 


0.568 




0.074 


0.005 


4.189 


0.714 




0.007 


0.000 


2.094 


0.080 




0.007 


0.000 


2.094 


0.017 


13 


0.107 


0.006 


4.189 


0.367 


15 


1.586 


0.115 


134.041 


10.440 


65 


9.555 


0/586 


159.174 


9.302 




0.013 


0.001 


4.189 


0.236 


24 


1.084 


0.080 


29.322 


7.639 




0.013 


0.001 


2.094 


0.220 


190 


41.339 


2.487 


1172.860 


54.310 


63 


0.629 


0.064 


8.378 


2.424 




0.007 


0.000 


2.094 


0.065 




0.120 


0.001 


33.510 


0.211 


108 


9.388 


0.280 


165.457 


3.571 




0.268 


0.048 


33.510 


9.697 


196 


15.109 


0.990 


115.192 


10.976 




0.120 


0.004 


25.133 


0.988 




2.101 


0.034 


259.705 


4.038 




0.937 


0.024 


83.776 


3.396 




0.803 


0.036 


142.419 


4.219 




0.087 


0.003 


27.227 


1.080 




0.020 


0.000 


6.283 


0.126 




0.054 


0.000 


16.755 


0.142 




0.161 


0.005 


33,510 


1.602 




0.147 


0.003 


31.416 


0.220 




0.080 


0.005 


16.755 


1.416 




0.027 


0.001 


8.378 


0.287 




0.107 


0.002 


16.755 


0.450 




0.054 


0.001 


16.755 


0.292 




0.054 


0.003 


16.755 


0.977 



(continued) 



368 



APPENDIX 1 (continued) 



Scmnmdmswus armacu* (Chod.) G. M. Smith 

5. trmatuM var. bogltrimnmis Horcob. 

5. bijug* (Turp.) Lag. 

S. cariaatua (Lena.) Chod. 

5. danticuiacua var. liamsris fo. coatato-^ra/iuiacua 
(Horcob.) Uherkov. 

S. danticuiacua Lag. 

5. dim>rpbus (Turp.) Kutz. 

5. Ioikjus Mayan 

5. opoiia/»i* var. acuieatua Horcob. 

5. opolimnsis P. Richc. 

5. qusdrictud* var. longispin* fo. grM/ntisttts Uharkov. 

5. guacfricaocfa (Turp.) Breb. 

5. qutdrlcsud* var. long imp in* (Chod.) G. M. Saich 

5. guadri cauda var. oiMdriapi/ia (Chod.) G. M. Smith. 

S. a#«p«rvira/is Chod. 

5. wmrrmtuM (Chod.) Bonn. 

Sc*n*d*smus ap. #1 

Scenedeaaua spinosus Chod. 

Scmnedmsmus app. 

S*l*n**trum sp. #1 

Jphaarocyatia scAroatari Chod. 

5cauraaerua p+rsdoxum Mayan 

Stauraaeruii ap . #1 

Stauraaerum ap. #3 

Staura strum ap. #4 

reera&ircA nu/uioum var. apiculaeo-scorAicuiaeuai (Reinsch, 
Uj,.) Skuja 

Tatr&vdjcon auniaum (A. Br.) Hanag. 

r. regular* Kucz. 

recxaiidron sp. #1 

T9tr*llAntos 2ag*rh*imii Tailing 

Tmtrmstrum stAurogenn+formm (Schroadar) Lean. 

Ulothrix ap. #1 

Undetermined graan colony 

Undetermined graan colony sp. #1 

Undetermined green filament #1 

Undetermined green filananc #2 

Undetermined green filament #3 

Undaearninad green filament #4 

Undetermined green filament #5 

Undetermined green filament spp. 

Undeca rained green individual 

Total for Division (96 spec let) 



# 


Average 


Maximum 


SXldaa 


Calla/al 


X Pop 


Calla/al 


X Pop 


6 


0.161 


0.007 


8.378 


0.572 


1 


0.027 


0.001 


8.378 


0.168 


35 


1.258 


0.051 


29.322 


1.852 


1 


0.027 


0.001 


8.378 


0.344 


1 


0.107 


0.001 


33.510 


0.211 


8 


0.375 


0.016 


25.133 


1.597 


1 


0.027 


0.000 


8.378 


0.156 


1 


0.054 


0.002 


16.755 


0.664 


1 


0.027 


0.000 


8.378 


0.053 


7 


0.468 


0.005 


37.699 


0.362 


1 


0.013 


0.000 


4.189 


0.026 


42 


2.094 


0.054 


108.908 


i.575 


1 


0.054 


0.001 


16.755 


0.292 


20 


0.763 


0.014 


46.077 


0.840 


1 


0.013 


0.000 


4.189 


0.035 


14 


0.535 


0.012 


33.510 


0.798 


1 


0.040 


0.000 


12.566 


0.080 


12 


0.348 


0.007 


20.944 


0. 856 


25 


1.191 


0.030 


52.360 


1.043 


1 


0.007 


0.000 


2.094 


0.012 


1 


0.248 


0.004 


77.493 


1.386 


27 


0.234 


0.009 


8.378 


0.446 


7 


0.067 


0.001 


6.283 


0.075 


2 


0.013 


0.001 


2.094 


0.153 


1 


0.013 


0.000 


4.189 


0.057 


10 


0.074 


0.005 


4.189 


0.508 


58 


0.957 


0.047 


41.888 


1.338 


2 


0.013 


0.001 


2.094 


0.247 


1 


0.007 


0.000 


2.094 


0.017 


1 


0.107 


0.015 


33.510 


4.611 


1 


0.054 


0.002 


16.755 


0.679 


5 


0.937 


0.035 


142.419 


8.028 


U 


0.803 


0.066 


67.021 


8.036 


1 


0.027 


0.004 


8.378 


1,278 


1 


0.047 


0.003 


14.661 


0.326 


2 


0.261 


0.015 


71.209 


4,014 


4 


1.566 


0.115 


257.610 


17,706 


1 


0.013 


0.002 


4.189 


0.525 


198 


667.756 


14.1J9 


35309.383 


92.383 


1 


0.033 


0.001 


10.472 


0.430 


8 


0.261 


0.019 


43.982 


2.178 



777.071 20.172 
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Slides 


Average 


Maximum 




Cells/ml 


Z Pop 


Cells/ml 


% Pop 


BACZLLARIOPHYTA 












Achnanthes af finis Grun. 




0.007 


0.000 


2.094 


0.054 


A. biasoJettiana (Kucz.) Grun. 




0.060 


0.003 


4.189 


0.197 


A. clave i Grun. 




0.040 


0.002 


2.094 


0.165 


A. cievei var. rostrata Huac. 


25 


0.214 


0.012 


6.283 


0.348 


A. exigua Grun. 




0.027 


0.001 


2.094 


0.165 


A. exigua var. heterovalva Kraeske 




0.007 


0.000 


2.094 


0.057 


A. hauckiana var. roserata Schulz 




0.007 


0.001 


2.094 


0.175 


A. ia/iceoiata (Breb.) Grun. 




0.040 


0.002 


6.283 


0.320 


A. la/icooiaea var. du&ia Grun. 

i 




0.040 


0.003 


6.283 


0.494 


A. lanceolata var. elliptica CI. 




0.007 


0.000 


2.094 


0.054 


A. linearis (Wa. Smith) Grun. 




0.047 


0.002 


4.189 


0.172 


A. linearis fo. curta H. L. Smith 




0.020 


0.001 


2.094 


0.115 


A. microcephala (Kucz.) Grun. 




0.013 


0.001 


2.094 


0.111 


A. au'iiutiasijM var. cryptocephala Grun. 




0.020 


0.001 


2.094 


0.174 


A. minutissima (Kucz.) 


56 


0.843 


0.072 


58.643 


10.370 


A. oestrupi (A. CI.) Huac. 




0.007 


0.000 


2.094 


0.118 


A. pinnata Husc. 




0.033 


0.002 


2.094 


0.124 


Acisnanehes questionable sp. #1 




0.027 


0.003 


8.378 


0.926 


Aciinanthos sp. #1 




0.007 


0.000 


2.094 


0.117 


Achnanch«s sp. #10 




0.013 


0.001 


4.189 


0.213 


Achnanthes sp. #16 




0.007 


0.000 


2.094 


0.025 


Achnanthes sp. #17 




0.007 


0.001 


2.094 


0.231 


Achnanthes spp. 


85 


1.345 


0.076 


50.265 


1.958 


Amphi pleura pellucida Kutz. 


14 


0.120 


0.007 


4.189 


0.390 


Amphora fonticoia Ma ill. 




0.007 


0.000 


2.094 


0.102 


A. neglecta Stocrm. and Yang 




0.007 


0.001 


2.094 


0.195 


A. ovaJijf var. cons tri eta Skv. 


o 


0.087 


0.004 


10.472 


. 366 


A* ovaiis var. gracilis (Ehr.) V. H. 


28 


0.241 


0.013 


6.283 


0.714 


A. oval is var. iihyca (Ehr.) CI. 




0.040 


0.002 


4.189 


0.200 


A. oval is var. pediculus (Kucz.) V. H. 


80 


1.258 


0.069 


35.605 


1.387 


Amphora questionable sp. #1 




0.074 


0.004 


6.283 


0.531 


Amphora veneta var. capitata Haworth 




0.007 


0.000 


2.094 


0.082 


Anomoeonmis vitrea (Grun.) Ross 




0.040 


0.003 


4.189 


0.234 


Asterionella formosa Haas. 


282 


38.501 


2.941 


393.746 


18.444 


Caloneis bacillum (Grun.) CI. 




0.007 


0.000 


2.094 


0.032 


C. bacillum var. lancmttula (Schulz) Huac. 




0.013 


0.000 


2.094 


0.106 


Caloneis sp, §1 




0.007 


0.000 


2.094 


0.143 


Caloneis vent ri cos a var. #2 




0.007 


0.000 


2.094 


0.013 


C. vent ri com var. truncatula (Grun.) Haisc. 




0.007 


0.000 


2.094 


0.037 


Cocconeis diminuta Pane. 


28 


0.241 


0.010 


6.283 


0.341 


C. pediculus Ehr. 




0.013 


0.001 


2.094 


0.183 


C. piacentuJa var. eugiypta (Ehr.) CI. 




0.013 


0.002 


2.094 


0.341 


C. placentula var. Ji/jcata (Ehr.) V. li. 




0.040 


0.002 


2.094 


0.278 
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Slid 


Average 


Maximum 




es Calls/ml 


2 Pop 


Cells/ml 


I Fop 


Cocconei* sp. #1 




0.007 


0.001 


2.094 


0.165 


CoscinodiscuM subssls* Juhl-Dannf. 




0.147 


0.003 


16.755 


0.242 


Cyclo tells acoaws Huac. 




0.007 


0.000 


2.094 


0.056 


C. comenmis Crun. 


154 


150.126 


8.555 


1507.963 


76.250 


C. ooawnsis auxospors 


49 


0.716 


0.036 


18.850 


J.. 288 


C. cornea (Ehr.) jciicz. 


222 


4.724 


0.365 


31.416 


3.704 


C. cooea (abnoraal) 




0.013 


0.001 


2.094 


0.249 


C. comcu «uxo*:;>ore 




0.027 


0.C04 


4.129 


0.738 


C. coata var. glsbriusculs Grun. 




0.007 


0.001 


2.094 


0.260 


C. c&jicj var. oligzczis (Ehr.) Crun. 




0.020 


0.001 


2.094 


0.121 


C. crjftica Rajjeana, Levin, and Guiliard 




0.007 


0.000 


2.094 


0.138 


C. kxlzin'jiiuut Thw. 




0.020 


0.003 


' 2.094 


0.377 


C. awneg/unia/ia Kucz • 


14 


0.161 


0.008 


10.472 


0.694 


C. menmghiaisns var. plsns Frlckc 




0.007 


0.000 


2.094 


0.042 


C. suchioaniana Skv. 


257 


14.567 


1.431 


140.324 


29.949 


C. michigsnisns auxospore 




0.013 


0.001 


2.094 


0.211 


C. ocaiiaea Pane. 


281 


24.128 


2.370 


169.646 


17.438 


C. ocellsts auxospore 


23 


0.194 


0.016 


6.283 


0.647 


C. c^ereulata (A*.) Ku£*. 5. 


109 


2.54*: 


0.131 


37.699 


2.179 


C. pseudosxeiligexa Husc. 


16 


0.201 


0.010 


12.566 


0.733 


Cycioe^iia questionable sp. IX 




0.013 


0.002 


4.189 


0.763 


Cyclo tells sp. #X 




0.007 


0.001 


2.094 


0.158 


Cycioteila sp. #2 




0.007 


0.001 


2.094 


0.231 


CycioteJia sp. #3 




0.187 


0.018 


14.661 


1.984 


Cycloeeila %p, 15 


105 


2.262 


0.285 


46.077 


7.143 


Cy do tells *p. auxospore 




0.047 


0.004 


2.094 


0.377 


Cyelotells epp. 




0.013 


0.002 


2.094 


0.346 


CucioteIJa stelligers (CI. and Grun.) V. H. 


302 


53.884 


6.406 


720.471 


86.216 


C. steJJi?era auxosporc 




0.033 


0.003 


4.189 


0.763 


Cymstoplevrs elliptic* (Sreb . and Godey) Wa. Smith 




0.007 


0.000 


2.094 


0.054 


C. soiea var. spiculsts (Urn. Seilh) Ralfs 




0.027 


0.002 


2.094 


0.394 


C. mole* (Breb. and Godey) Wa. Saich 




0.007 


0.000 


2.094 


0.146 


Cymballs smpmrs (Ehr.) H. Perag. 




0.007 


0.000 


2.094 


0.012 


C. <*MstU (Rabh.) Grun. 




0.020 


0.001 


2.094 


0.099 


C. cistuia (Ehr.) Klrchn. 




0.007 


0.001 


2.094 


0.174 


C. deiicatuia Kutx. 




0.040 


0.002 


2.094 


0.158 


C. hustedtii Krasska 




0.007 


0.000 


2.094 


0.029 


C. hybrids Grun. 




0.020 


0.001 


4.189 


0,197 


C. J-CV1S "aft. 




0.007 


0.000 


2.094 


0,115 


C. icpeoceros var. romtzsts Husc. 




0.007 


0.000 


2.094 


0.121 


C. microcephsls Grun. 


47 


0.502 


0.030 


12.566 


0.927 


C. ainut* Hilae 




0.060 


0.005 


6.283 


0.634 


C. aiinufc* fo. Is tens (Krasska) Ralm. 




0.100 


0.004 


10.472 


0.348 


C. mi nut* var. silesisc* (Blelsch and Rabh.) Rela. 


11 


0.120 


0.007 


10.472 


0.566 



(continued) 



371 



APPENDIX 1 (continued) 



Cymbella parvula Krasske 

C. prostrate var. auersvaidii (Rabh.) Rein. 

C. pro* era t* (Berk.) CI. 

Cynbella questionable sp. #1 

CyabeiJa sp. #14 

Cymbella sp. #2 

Cymbeiia sp. #6 

Cymbella spp. 

Cymbella subventricosa Cholnoky 

C. Crianyuium (Ehr.) CI. 

C. vencricoaa (Ag.) Ag. 

flancicula tenuis Kucz. 

£. tenia* var. cr&ssula (Xag. *nd Kuta.) U. and G. S. 
Wesc 

3iaeacva zenuo Ag. 

D. tenue var. elongatum Lyngb. 
Z>. tenue var. pachycephala Grun. 
X>. truigare Bory 

Dip lone is boldtiana CI. 

D. elliptic* var. pygmaea A. CI. 

5. ocuiae* (Breb.) CI. 

p. parma CI. 

Diploneis sp. #1 

Sneoaoneia ornata (J. V. Bail.) Re la. 

Svcocconeis flexelle Kucz. 

ff. flexelle var. aipeseri* (Brun) Hust. 

Vucocconcis questionable sp. #1 

Fregilaria brevi striata Grun. 

F, brevi striata var. inflate (Pane.) Husc. 

F. capucina Desa. 

F. capucina var. mesolepta Rabh. 

F. construens (Ehr.) Grun. 

F. const cuens var. binodis (Ehr.) Grun. 

F, const mens var. capitate Herib. 

F. const mens var. einuta Teap. and Per. 

r. const mens var. pumile Crun. 

5. conaeruens var. veneer (Ehr.) Grun. 

r. croeonensis Kit con 

r. intermedia Grun. 

r. intermiedie var. fellas (Crun.) A. CI. 

F. lapponica Grun. 

/*. leptostauron (Ehr.) Husc. 

r. leptostauron var. dubia (Grun.) Husc. 

r. pinnate var. intercedens (Grun.) Husc. 



# 


Average 


Maximum 


Slides 


Cells/ ml 


X Pop 


Cells/ml 


X Pop 


2 


0.013 


0.001 


2.094 


0.223 


3 


0.020 


0.000 


2.094 


0.115 


4 


0.333 


0.002 


4.189 


0.213 


2 


0.013 


0.001 


2.094 


0.231 


1 


0.007 


0.000 


2.094 


0.074 


1 


0.007 


0.000 


2.094 


0.093 


1 


0.007 


0.001 


2.094 


0.240 


29 


0.301 


0.018 


8.378 


0.427 


2 


0.013 


0.002 


2.094 


0.295 


2 


0.013 


0.002 


2.094 


0.446 


1 


0.007 


0.000 


2.094 


0.124 


1 


0.007 


o.coo 


2.094 


0.124 


20 


0.201 


0.012 


8.378 


. 0.092 




0.007 


0.000 


2.094 


0.099 


43 


0.943 


0.052 


77.493 


2.922 


117 


8.398 


0.487 


475.427 


4.962 




0.007 


0.000 


2.094 


0.107 




0.013 


0.001 


2.094 


0.145 




0.007 


0.000 


2.094 


0.139 




0.027 


0.004 


2.094 


0.714 




0.027 


0.002 


2.094 


0.211 




0.007 


0.000 


2.094 


0.145 




0.013 


0.001 


2.094 


0.243 




0.007 


o.obo 


2.094 


0.072 




0.007 


0.000 


2.094 


0.114 




0.181 


0.021 


37.699 


5.294 




0.007 


0.000 


2.094 


0.083 




0.094 


0.006 


12.566 


0.696 


117 


77.010 


3.007 


2184.453 


32.541 




0.013 


0.001 


4.189 


0.423 


27 


1.024 


0.038 


60.737 


2.365 




0.013 


0.001 


4.189 


0.231 




0.007 


0.001 


2.094 


0.218 


108 


1.720 


0.163 


18.850 


2.264 




. 0*067 


0.003 


8.378 


0.165 




0.167 


0.013 


33.510 


2.832 


247 


115.679 


7.577 


1897.521 


65.986 


10 


0.074 


0.004 


4.189 


0.369 


45 


3.165 


0.234 


278.554 


9.262 




0.020 


0.002 


4.189 


0.369 


18 


0.442 


0.022 


23.038 


1.250 




0.013 


0.002 


4.189 


0.738 




0.007 


0.001 


2.094 


0.195 
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Frsgilsri* pinnsc* var. iance-ctula (Schusft) Huac. 
r. piimsts Ehr. 

Frtgilsris questionable sp. #1 
rrsgilmri* sp. #10 
Fr*gilari* spp. 

togil*ri* v*ueh*ri*m (Kucz.) Peters. 
^. vaucAeriea var. capicaiiata (Grun.) Patr. 
?. vaucftariaa var. truncata (Grev.) Grun. 
GosyAontfsta ijitricatuai Kutz. 
<;. olivaceusi (Lyngb.) Kucz. 
Goophonama questionable sp. #1 
Gomphonmm* spp. 
• Gomphonmrn* tmncatua Ehr. 
Cyroaiyau atte/iuatu* (Kutx.) Rabh . 
Jfeioaira cfiscana var. slpigmn* Grun. 
If. yranulata alpha status (Ehr.) Ralfa 
If. yrarolata var. afiyustisaiau 0. Mull. 
*. graiiuiaea (Ehr.) Ralfa 
IT. iMlandic* auxospora 
M. isliindics 0. .Mull. 
*. itaiica (Ehr.) Ku'tz. 
Meridian circulate (Grev.) Ag. 
Navxculu *ngiic* var. jiyoaea hust. 
#. capita ea Ehr. 

*\ capitata var. hungsrics (Grun.) Roaa 
If. capitata var. lttnmburgenmiM (Grun.) Pacr. 
N. cryptocepfcaia var . intermedia Crun. 
If. cryptocepnala var. wnttj (Kucz.) Rabh. 
If. cryptocepnaia Kucz. 
IT. cuapidata (Kucz.) Kucz. 
If. decussis 0str. 
If. 9DCtiandica Grun. 
iV. iancaoZ-ta (Ag.) Kutz. 
♦V. Ixtvns Kraeska 

#. meniscuiu* var. upstlimnsis Crun. 
If. aiinuacuia Grun. 
If. neovantricoaa Huac. 
If. nyasjensis fo. minor 0. Mull. 
If. plscvntuls (Ehr.) Kucz. 
if. pupule Kucz. 

If. pupuia var. capitaca Skv. and Mayer 
If. pupuia var. elliptic* Huac. 
If. pupul* var. rectanyuiaris (Crag.) Crun. 
Ifavicuia quaacionabla sp. #1 



# 


Average 


Maximum 


Slldaa 


Cell a/ ml 


Z Pop 


Call*/ ml 


2 Pop 


31 


0.316 


0.034 


69.115 


2.692 


95 


5.032 


0.229 


196.873 


7.667 


2 


0.134 


0.015 


31.416 


3.472 


1 


0.007 


0.001 


2.094 


0.173 


59 


1.760 


0.105 


56.549 


4.515 


56 


0.830 


0.053 


25.133 


1.493 


38 


0.589 


0.033 


27.227 


1.937 


3 


0.020 


0.001 


2.094 


0.117 


1 


0.007 


0.000 


2.094 


0.072 


7 


0.094 


0.005 


8.378 


0.279 


1 


0.013 


0.001 


4.189 


0.463 


12 


0.134 


0.007 


12.566 


0.418 


1 


0.007 


0.000 


2.094 


Q.085 


2 


0.013 


0.001 


2.094 


0.155 


29 


0.689 


0.058 


33.510 


3.612 


7 


0.308 


0.005 


43.982 


0.539 


8 


0.381 


0.018 


35.605 


2.024 


75 


6.417 


0.254 


152.891 


4.768 


1 


0.007 


0.001 


2.094 


0.370 


110 


15.236 


0.972 


812.625 


27.019 


7 


r 355 


0.014 


27.227 


1.190 


5 


0.094 


0.004 


12.566 


0.502 


1 


0.013 


0.001 


4.189 


0.422 


5 


0.033 


0.002 


2.094 


0.143 


6 


0.060 


0.003 


4.189 


0.348 


4 


0.027 


0.002 


2.094 


0.174 


1 


0.007 


0.000 


2.094 


0.116 


14 


0.120 


0.008 


4.189 


0.658 


14 


0.134 


0.007 


6.283 


0.429 


1 


0.007 


0.001 


2.094 


0.246 


5 


0.033 


0.001 


2.094 


0.126 


1 


0.007 


0.001 


2.094 


0.172 


3 


0.020 


0.002 


2.094 


0.299 


2 


0.013 


0.001 


2.094 


0.118 


4 


0.027 


0.002 


2.094 


0.190 


1 


0.007 


0.000 


2.094 


0.120 


1 


0.007 


0.000 


2.094 


0.085 


5 


0.033 


0.002 


2.094 


0.211 


1 


0.007 


0.001 


2.094 


0.211 


5 


0.040 


0.001 


4.189 


0.163 


3 


0.020 


0.001 


2.094 


0,278 


2 


0.013 


0.001 


2.094 


0,189 


1 


0.007 


0.000 


2.094 


0.151 


2 


0.020 


0.002 


4.189 


0,491 
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Navicula spp. 

Afavicuia radiosa var. ceneila (Breb.) Grun. 

Af. radios* Kutz. 

AT. rhynchocaphala Kucz. 

Jif. rotund* Hust. 

Navicula sp. #44 

Navicula stroesei A. CI. 

M. subrhynchocmphala Husc. 

Af. tri punctata var. sen izonemo ides (V. H.) Patr. 

AT. tuscula Ehr. 

AT. vindula (Kucz.) Ku!tz. 

If. vulpina Kucz. 

Naidium dubium fo. constrietum Huat. 

♦V. dubium var. #1 

at. iridis var. vernal is Raich. 

Afeidiua sp. #1 

Nitzschia acicularis (Kucz.) Wau Smith 

if. acuta Hancz. 

M. angustata var. acuta (abnormal) 

*. angustata var. acuta Grun. 

If. bacat* Huat. 

AT. capital lata Huac. 

Af. eon finis Husc. 

JV. de-nticuia Grun. 

if. dissipata (Kucz.) Grun. 

AT. dissipata var. media (Hancz.) Grun. 

Af. tonticoia Grun. 

AT. fonticola var. palagica Huac. 

Af. interrupca (Reich.) Huac. 

Af. Arutzingiana Hllse 

Af. linearis Wa. Smith 

If. lonqissima var. ravarsa Grun. 

Af. iuzonenais Husc. 

AT. pales (Kucz.) Wo. Saich 

Af. psaudoa tonus Stoerm. 

Nitzschi* quascionabla sp. #1 

Nitzschia quascionabla spp. 

Nitzschia recta Hancz. 

AT. roaana Grun. 

AT. siqwoidea (Nicz.) Wa. Smith 

Af. sinuata var. tabellaria (Grun.) Grun. 

Nitzschia sp. #1 

Nitzschia sp. #19 

Nitzschia sp, #2 



Average 



Maximum 



Slides 


Calls/mi 


I Pop 


Calls/ml 


X Pop 


79 


1.037 


0.060 


23.038 


1.174 


4 


0.040 


0.002 


4.189 


0.348 


8 


0.067 


0.004 


4.189 


0.313 


6 


0.047 


0.002 


4.189 


0.282 


1 


0,007 


0.000 


2.094 


0.089 


25 


0.274 


0.013 


8.378 


0.352 


1 


0.007 


0.000 


2.094 


0.118 


2 


0.013 


0.000 


2.094 


0.120 


1 


* 0.007 


0.000 


2.094 


0.084 


3 


0.020 


0.001 


2.094 


0.124 


1 


0.007 


0.000 


2.094 


0.107 


1 


0.007 


0.001 


2.094 


0.216 


1 


0.007 


0.001 


2.094 


0.329 


1 


0.007 


0.000 


2.094 


0.124 


1 


0.007 


0.001 


2.094 


0.240 


1 


0.007 


0.000 


2.094 


0.082 


179 


5.922 


0.454 


52.360 


5.159 


33 


0.268 


0.016 


6.283 


. 0.647 


1 


0.007 


0,001 


2.094 


0.329 


17 


0.161 


0.009 


6.283 


0.463 


25 


0.288 


0.018 


10.472 


1.502 


4 


. 0.033 


0.002 


4.189 


0.277 


3 


0.027 


0.001 


4.189 


0.197 


1 


0.007 


0.000 


2.094 


0.084 


127 


2.536 


0.238 


29.322 


2.947 


1 


0.007 


0.000 


2.094 


0.113 


57 


0.596 


0.038 


14.661 


1.384 


1 


0.007 


0.000 


2.094 


0.107 


1 


0.007 


0.000 


2.094 


0.154 


3 


0.020 


0.001 


2.094 


0.162 


18 


0.214 


0.017 


18.850 


0.961 


1 


0.007 


0.000 


2.094 


0.029 


12 


0.154 


0.009 


23.038 


1.343 


37 


0.294 


0.025 


4.189 


' 1.429 


1 


0.007 


0.000 


2.094 


0.107 


1 


0.027 


0.003 


8.378 


0.926 


153 


3.546 


0.218 


58.643 


3.419 


1 


0.007 


0.001 


2.094 


0.175 


1 


0.007 


0.000 


2.094 


0.119 


8 


0.060 


0.004 


4.189 


0.254 


1 


0.007 


0.000 


2.094 


0.070 


7 


0.060 


0.004 


4.189 


0.319 


21 


0.201 


0.013 


6.283 


0.494 


34 


0.375 


0.027 


16.755 


1.527 
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Mitzsehis sp. #32 

Hitzschia sp. #6 

Hitzschia sp. #7 

Hitzschia sp. #9 

JTitsacJua spicuioidss Huat. 

Jf. subiinsaris Huat. 

tf. try2»iioneiia var. lavidsnsis (Wm. Smith) Gr un. 

Ostxupia zac/iariasi (Reich.) Stoerm. and Yang 

0. zschariasi var. undulaea (Schulz) Stoerm. and Yang 

Opmphora mertyi Herib. 

pinnuiaria brsbissonii (Kutz.) R*bh. 

Ahiaoaoitf/iia erienais H. L. Smith 

R. gracilis H. L. Smith 

Mhoicosphsnia curvata (Kutz.) Grun. 

Stmphanodiscus aipinus Huat. 

5* astrasa (Ehr.) Grun. 

S, bindmranus (Kutz.) Kriagar 

S. hantzschii Grun. 

S. sdautus Grun. 

5. niagmras Ehr. 

Stsphanodiscus questionable sp. #1 

Stsphanodiscus sp. #1 

Stsphanodiscus sp. #5 

Stsphanodiscus sp. auxoepore 

5. sube.iiis (Van Goor) A. CI. 

5. tenuis Hust. 

5. era#i4iiiva/iicua Pant. 

Surirslla angusta (Kutz.) 

S. biseriata var. bifrons (Ehr.) Hust. 

S, ovata (Kutz.) 

5. ovata var. pinnata (Wm, Smith) Hust. 

Surirslla questionable sp. #1 

Surireila sp. #1 

Synsdra acus Kutz. 

5. cyeiopuA Brutachy 

5. daiicaeiasima Wm. Smith 

5. d*iicacis*ima var. a/iguatisaiin* Grun. 

5. fill for mis Grun. 

5. inciaa Boyer 

5. minuscuJa Grun. 

5. ostsnfsldii (Krieger) A. CI. 

S. ostsnfsldii (abnormal) 

S. parasitica (Va. Saith) Hust. 

S»jnt*dra sp. (abnormal) 



# 


Average 


Maximum 


Slides 


Calls/ml 


X Pop 


Calls/ml 


Z Pop 


49 


0.602 


0.058 


12.566 


1.592 


17 


0.141 


0.009 


8.378 


. 780 


1 


0.007 


0.001 


2.094 


0.242 


1 


0.007 


0.000 


2.094 


0.122 


32 


0.348 


o.oa 


8.378 


0.903 


2 


0.013 


0.001 


2.094 


0.139 


1 


0.007 


0.000 


2.094 


0.113 


1 


0.007 


0.001 


2.094 


0.175 


i 


0.007 


0.000 


2.094 


0.059 


5 


0.060 


0.003 


6.283 


C.633 


1 


0.007 


0.000 


2.094 


G.114 


206 


14.801 


1.273 


115.192 


9.395 


211 


34.968 


3.125 


192.684 


17.895 


1 


0.007 


0.001 


2.094 


0.377 


102 


2.630 


0.144 


420.973 


17. ia 


1 


0.007 


0.001 


2.094 


0.313 


36 


5.547 


0.177 


462.861 


11.914 


133 


7.862 


0.451 


651.356 


26.491 


161 


7.508 


0.602 


337.197 


13.473 


12 


0.120 


0.006 


6.283 


0.661 


a 


0.080 


0.005 


4.189 


0.276 


l 


0.013 


0.001 


4.189 


0.163 


l 


0.007 


0.000 


2.094 


0.083 


l 


0.007 


0.001 


2.094 


0.329 


26 


2.329 


0.166 


142.419 


8.553 


10 


0.087 


0.006 


6.283 


0.394 


37 


0.308 


0.022 


6.283 


0.489 


23 


0.221 


0.016 


6.283 


0.738 


1 


0.007 


0.000 


2.094 


0.017 


6 


0.047 


0.002 


4.189 


0,353 


5 


0.033 


0.001 


2.094 


165 


1 


0.007 


0.001 


2.094 


0,211 


1 


0.007 


0.000 


2.094 


0,143 


8 


0.067 


0.003 


4.189 


0.196 


20 


0.167 


0.015 


6.283 


0.862 


1 


0.007 


0.001 


2.094 


0.369 


8- 


0.067 


0.004 


4.189 


0.422 


247 


52.392 


4.350 


257.610 


22.222 


1 


0.007 


0.000 


2.094 


0.117 


124 


3.118 


0.224 


75.398 


4.478 


157 


6.899 


0.625 


64.926 


5.363 


2 


0.013 


0.002 


2.094 


0.353 


10 


0.107 


0.007 


8.378 


0.467 


1 


0.007 


0.000 


2.094 


0.145 
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Synedra spp. 

Synedra ulna var. chaseana Thomas 

S, ulna var. claviceps Husc. 

5. ulna var. danica (Kucz.) V. H. 

5. ulna (Nitz.) Ehr. 

Tabellaria fenestrate (Lyngb.) Kutz. 

T. fenestrate var. geniculaca A. CI. 

T. flocculosa (Roch) Kutz. 

7. flocculosa var. linearis Koppan 

Tocal for Division (271 species) 



# 


Average 


Maximum 


SI Idas 


Cells/ml 


2 Pop 


Cells/ml 


Z Pop 


26 


0.388 


0.037 


16.755 


3.019 


ill 


2.201 


0.158 


25.133 


1.757 


1 


0.007 


0.001 


2.094 


0.377 


2 


0.047 


0.003 


12.566 


0.714 


40 


0.442 


0.026 


8.378 


0.846 


*222 


58.040 


4.292 


494.277 


28.710 


12 


0.408 


0.017 


54.454 


0.911 


30 


1.071 


0.090 


35.605 


3.390 


213 


28.772 


2.095 


171.740 


18.304 



790.488 55.726 



CHRYSOPHYTA 

Chrysophyte cyst 

Chrysococcus dokidophorus Paach 

Chrysosphaerella longispina LauCb . 

Dinobryon bavaricum Iahof 

O. culindricum Iahof 

0. eylindricum sea coa pore 

Ttinobryon spp. st&cospores 

Dinobryon diver yens Iahof 

D. diver gens statospore 

D. social a Ehr. 

X). sociale var. aroer«rcanu« (Brunn.) Bach. 

fiino&ryon spp. 

Kephyrion spiral* (Lackey) Conrad 

Mallomonas eionoaea Rave rd in 

Jf. psaudocoronata Prase . 

Mallomonas sp. 93 

Mallononas sp. #4 

Ma 11 omonas statospore 

M. tonsurata var. alpina (Pasch. and Ruttn.) Krieger 

Ochrouonas sp. #1 

Ochrosonas sp. #2 

Ochrononas spp. 

Ahizochrysis limnetica G. M. Smith 

Rluzochrysis sp, #1 

Uroglenopsis americana (Calkins) Lean. 

/\ 

Total for Division (25 species) 



31 


0.462 


0.073 


18.850 


3.782 


188 


3.707 


0.330 


31.416 


3.472 


64 


40.114 


1.872 


862.890 


45.632 


11 


0.448 


0.029 


56.549 


4.147 


1 


0.040 


0.008 


12.566 


2.362 


1 . 


0.040 


0.005 


12.566 


1.467 


183 


6.665 


0.511 


150.796 


7.886 


113 


14.614 


1.054 


228.289 


21.087 


2 


0.020 


0.001 


4.189 


0.146 


4 


0.515 


0.057 


83.776 


9.542 


4 


0.094 


0.006 


12.566 


1.502 


56 


3.566 


0.354 


64.926 


8.148 


1 


0.007 


0.001 


2.094 


0.244 


13 


0.087 


0.006 


2.094 


0.347 


57 


0.629 


0.063 


12.566 


2.538 


9 


0.060 


0.002 


2.094 


0.107 


3 


0.020 


0.000 


2.094 


0.060 


17 


0.134 


0.010 


4.189 


0.446 


41 


0.335 


0.024 


6.283 


0.435 


144 


3.720 


0.337 


48.171 


8.051 


2 


0.020 


0.000 


4.189 


0.117 


1 


0.013 


0.002 


4.189 


0.491 


3 


* 0.033 


0.003 


4.189 


0.533 


•1 


0.007 


0.001 


2.094 


0.249 


1 


0.836 


0.046 


261.799 


14.468 



75.725 



4.722 
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# 

Slides 



Average 



Cells/ml * Pop 



Maximum 



Cells/ml 



Z Pop 



CRYPTOPHYTA 

Crypto mono* cross £hr. 

C. ovaea Ehr. 

Cryptomonas sp. #1 

AAodooisnas minutj Situ j a 

A. Aiviutd var. n*nnopl*nctic* Skuja 

Total for Division (5 species) 



4 


0.027 


0.000 


2.094 


0.054 


256 


7.106 


0.458 


113.097 


4.008 


1 


0.007 


0.001 


2.094 


0.244 


46 


0.522 


0.048 


12.566 


2.542 


24 7 


8.244 


0.765 


54.454 


7.925 



16.367 



1.345 



PYRROPHYTA 

Cmr*tium hirundinmlla (O.F. Mull.) Shrank 

Gymnodinium helvmticum Penard 

Gymnodinium sp. 

fridinium acicuii/erust (Lew.) Leon. - 

P. lindmmvmi Lef. 

Pmridinium Bp. 91 

p+ridinium spp. 

Spirodinium pumillum var. minor? Skuja 

Total for Division (8 species) 



19 


0.161 


0.009 


6.283 


0.341 


1 


0.007 


0.000 


2.094 


0.100 


8 


0.060 


0.004 


4.189 


0.456 


18 


0.161 


0.014 


8.378 


0.490 


3 


0.033 


0.003 


4.189 


0.489 


5 


0.033 


0.003 


2.094 


0.287 


20 


0.187 


0.012 


6.283 


0.489 


63 


0.669 


0.056 


10.472 


1.303 



1.312 



0.102 



EUGLENOPHYTA 

Phacus Mp, #1 

TrschelomonsM volvscin* Ehr. 

Total for Division (2 species) 



1. 


0.007 


0.000 


2.094 


0.025 


3 


0.027 


0.001 


4.189 


G.154 



0.033 



0.001 



HYXOPHYTA > 

3*ggisto* albs (Vauch.) Trev. 
Total for Division (1 species) 

Undetermined flagellates sp. #1 
Undetermined flagellate spp. 

Total for Division "Un" (2 species) 



6 


0.094 
0.094 


0.006 
0.006 


8.378 


0.725 


1 


0.060 


0.011 


18.850 


3.422 


309 


58.120 
58.180 


4.452 
4.463 


416.784 


26.4C0 
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APPENDIX II 
CHRONOLOGY OF LAKE HURON ALGAL RESEARCH 



Date 


Author 


Divisional 


Group 


Site 


1842 


Bailey, J.W. 


D 






Mackinaw 1 3. -Lake Huron 


1845 


Ehrenberg, C.G. 


D 






Mackinaw Is. -Lake Huron 


1847 


Bailey, J.W. 


G 






Lake Huron 


1849 


KUtzing, F.T. 


D 






Mackinaw Is. -Lake Huron 


1872 


Briggs, S.A. 


D 






Mackinaw Is. -Lake Huron 


1911 


Baker, H.B. In: Ruthven, A.G. 


C 






Snginaw Nay 


1911 


Coons, G.H. J_n: Ruthven, A.G. 


G 






Saginaw Bay 


1911 


Klugh, A.B. 


G 






Georgian Bay 


1912 


Klugh, A.B. 


G 






Georgian Bay 


1913 


Klugh, A.B. 


G,B- 


G 




Georgian Bay 


1913 


Klugh, A.B. 


G,B- 


G 




Georgian Bay 


1915 


MaeClement, W.T. 


v*c, 


B-G 




Georgian Bay 


1915 


Boyer, C.S. ^n: MaeClement, W.T. 


D 






Go Home Bay-Georgian Bay 


1915 


Klugh, A.B. In: MacClenent, W.T. 


G,B- 


»G 




Georgian Bay 


1921 


Bailey, L.W. and A.H. Mackay 


D 






Parry Sound -Georgian Bay 


1924 


Bailey, L.W. 


D 






Georgian Bay 


1927 


Boyer, C.S. 


D 






Mackinaw Is. -Lake Huron 


1928 


Collins, F.S. 


G 






Georgian Bay 


1961 


Schlichting, H., Jr. 


D,G 


B-C 




Port Sanilac, Mi. -Lake Huron 


1962 


Fenwick, M. 


D,C 






Lake Huron 


1964 


Neil, J.H. and G.E. Owen 


G 






Lake Huron 


1965 


Beeton, A.M. 


D 






Lake Huron 


1966 


Davis, C.C. 


U,C 






Lake Huron 


1966 


Patrick, R. and C.W. Reimer 


D 






Mackinaw Is. -Lake Huron 


1967 


Bellis, V.J. and D.A. McLarty 


G 






Port Franks, Ont. -Lake Huron 


1967 


Fetteroff, C. and J. Robinson 


G 






Lake Huron 


1967 


Fetteroff, C. et. al. 


D 






Thunder Bay- Lake Huron 


1967 


Michigan Water Res. Commission 


G 






Lake Huron 


"1968 


Fenwick, M. 


D,G 






Lake Huron 


1968 


Stoermer, E.F. and J.J. Yang 


D 






Lake Huron 


1969 


Herbst, R.P. 


G 






Lake Huron 


1969 


Michalaki, M.F.P. hi: Anderson, D.V. 


D,C 


Ch,Cr, 


B-C,E,Dn,X 


Lake Huron 


1969 


Parkos, W.G. et. al. 


D,G 


,Ch,B-G 


,Dn 


Lake Huron 


1970 


Beeton, A.M. In: Swain, W.R. e£. al. 


D,C 


,Ch,B-G 


,Dn 


Lake Huron 


1970 


Robinson, J. 


D,C 


,Ch,B-C 




Lake Huron 


1971 


Veal, D.M. and M.F.P. Michalski 


D,C 


,Ch,Cr, 


B-G 


Georgian Bay 


1972 


Berst, A.H. and G.R. Sprangler 


D 






Lake Huron 


1973 


Hohn, M.H. In: Batchelder, T.L. 


D,C 


,Ch,B-G 


,Dn 


Saginaw Bay 


1973 


Chartrand, T.A. 


D,Ch,B-C 




Whitest one Pt.- Saginaw liny 


1973 


Munawar, M. and I.F, Munawnr 


l),C! 


i,Cr,Du 




Lake Huron 


1973 


Neil, J.H. l£: Ont. Water Res. Coram. 


G 






Georgian Bay, Lake Huron 


1973 


Schelske, C.L. and J.C, Roth 


D,G 


,Ch,B-C 


,Dn 


Saginnw Hay, Lake Huron 


1974 


Freedman, P. 


C,B« 


•G,Dn 




Sagianw Bay 


1974 


Limnetics, Inc. 


D 






Lake Huron 


1974 


Robinson, J. 


C 






Harbor Beach, Mi. -Lake* Huron 


1974 


Schelske, C.L. £t. al. 


D,B« 


-C 




Saginaw Bay, Lake Huron 


1974 


Vollenweider, R.A. et. al. 


D,Cr,B-G,Dn 


Saginaw Bay. Lake Huron 


1974 


Young, D.C. 


D 






Georgian Kay 


1975 


Croat Lakes Water Quality Board 


C 






Lake Huron 


1975 


Love, R.L. 


D 






Lake Huron 


1975 


Munawar, M. and I.F. Munawar 


l),Ch,Cr,B- 


G,Dn 


Lake Huron 


1975 


Neil, J.H. In: Shear, 11. 


C 






Saginaw Bay, Lake Huron 


1975 


Nicholls, K.H. «t. al. • 


D.C 


,Cr,B-G 


,E,Dn 


Georgian Bay 


1975 


Patrick, R. and C.W. Reimer 


D 






Mackinaw is. -Lake Huron 


1975 


Stoermer, E.F. 


D f C 


,Cr,B-C 


,Dn 


Sagianw Bay, Lake Huron 


1976 


Lowe, R.L, 


D.C 


,Chl,Ch 


,Cr,B-C,E,Dn 


Lake Huron 


1976 


Stoermer, E.F. ct. al. Tn: Schelske, 
C.L. et. aj.. 


D.C 


,Ch,Cr, 


B-G,Dn 


Mackinac Straits-Lake Huron 


1977 


Friedrich, P.D. and C.K. LJn 


D 






Lake Huron 




Legend 












D diatoms Baci llariophyta 




B-C 


blue-green a 


Igae Cyanophyta 




Chi chloromonads Chloromonophyta 




E 


euglenoids 


Kuglenophyta 




C green algae Chlorophyta 




l)n 


di no flagellates Pyrrhophyta 




Ch chrysophyts Chrysophyta 




X 


ye How- green 


algae Xan thophyt a 




Cr cryptomonads Cryptophyta 
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